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Methods for Breeding Plants 
Technical Field 

TtiiB tnvention leUtes to motfaods for breeding woody pereimial plants, such as 
hoiticultiirally impcutant trees, and plants produced by ftese inetlKids. 
S Background oiF the Invenflon 

Eoviionmental adaqptation is of key inqpartanoe in ike breeding of woody plaints 
As our environment changes, boA geographically and economically, w© need to have 
ability to t«adapt our crop plants to better suit the new enviiomncnt(s). In 
instancess ttus readaptation will require incoiporation of one or more characteristics 
10 cttxxently present in an otherwise desirable vaxiety of plant, and therefore cross 
with another plant which possesses the desired chaiactoristic(s) may be necessary. 

In general, plant breeding far woody perennials involves oross-poUination, 
this typically results in ofiBspring whidi are heterozygous for many chaxactcrs, and/or 
unknown gwetic mala up, particulairly in flie evmt of opn poUinatian where ttie poll< 
IS parent may be unidffltifiabie. 

Heterozygosity greatly dimmiahes the chances for producing a dei 
recombination of characters in a sin^e plant. For example, when attempting 
incorporate one or more target charact^tics fiom a plant variety into an ^sting vari< 
with an otfaermsc desirable set of inheritable traits, the plant variety providing the targjst 
20 characteristic(s) will often not possess as desirable a set of iiihcritable traits as &e odier 
plant, and ofi&pring resulting fiom a cross between two such plants will t>pically possess 
intermediate, and often unacceptable traits. 

Re-acquisidon of desirable traits will then require an extensive program of b; 
crossing the progeny with one or more desired parentage lines, testing at each stage 
25 incoiporation of the target characteriBtic(8). This requires large progenies for selecti^ 
because inadequate numbers afanost certainly guarantee failure in any breeding pro; 
The need for adequate growing space for seedlings and the typicldly long xeproductiv^ 
juvenile cycle of woody perenxuals are costly in land and time. 

Species capable of self-fertilising, such as peach and nectarines, also exist, an< 
30 this also may complicate a breeding program. 

Care must fliecefore be taken in a breeding program to ensure that only deairec 
oosses occur, 

Xn cunent technology, one mediod used for controlling the natuxe of ctosse^ 
betwooa varieties is to hybridise plants manually in oombhAadon with "artificia 
35 emasculation" of (he anthers ftom the flowers of cultivated plants. Such techniques arc 
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very time consuixiing, and prone to enor (e«g. misaizig emasculation, self ciDSsing wit xin 
oneplatkty eto). 

Thee^ is Iherefim a need in the art for new methods for breeding woody perem id 

plants. 

S Summary of the Invention 

The present invention provides novel methodology which permits accurite 
hybridisation, and which can also be oonductod without manual interveniion. in 
greenhouse oonditionsy or in isolodon. The methods of the invention aUow for a m< re 
diieoted mi aooelerated appioadh towards incoipotation of target cfaaractoistica ix to 
10 woody perennial plants* 

b fho methods of the hnrenUonp male sterility is incorporated into selected pU nt 
bieedtng lines so as to facilitate the directed incorpocadon or alterod^ of chsracteristi:s 
in a woody perennial plant. 

According to one embodimecit of the invention^ there is provided a method fbr 
15 generating a woody perennial breeding line, comprising: 

a) selecting one or more woody perennial plants comprising at least one all^e 
asfiociatBd with male st^lity; 

b) selectmg one or more woody p««nnial plants which, axe capable ( if 
hybridisation vAth the plant selected in step (a) and which corrqpiise at least one aUe e 

20 aasodated wi& at least one target tndU 

o) crossing the one or more plants selected in step (a) with the one or more 
plants selected in step (b); 

d) selecting progeny plants which have one or more desired traits and which 
comprise at least one allele associated with male sterility and at least one allele associ 

25 with the at least one target trait; 

e) selecting progeny plants ate homozygous tbr male sterility, whi 
comprise at least one allele associated with the at least one target trait and which have on^ 
or more desired traits. 

The plants resulting from this method may flien form the basis &r a broedinj ; 

30 line whidi can be used to insert or alter one or mme target characteristics/ traits in 
desired plant variety while maintaining other desiiable traits in tiiat variety, in an e£Gcieu 
manner in teims of both time and labour. In particular^ by incorporating male sterslitj 
into woody perennial gem^lasm of known genotype with respect to a desired set o1 ^ 
inheritable traits, the entire manual process of "artificial emasculation" is by-passed. 

35 Mate sterile woody perennial breeding lines produced by the methods of the 
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inventiQii «xe also provided. 

AcGOiding to another embodiment of the invention, there is provided a met lod 
fer generating a woody perennial variety con^^rising one or more target inheritable ttz its, 
comprising crossing a first selected woody perennial plant variety with a desued sei of 
5 inheritable traits, but lacking one or more target traits> with a second selected wo< dy 
perennial plant which is homozygous for male sterility, and homozygous for at least i ne 
allele associated wWitho one or more target traits. Woody perennial variedea genera :ed 

by this method are also provided 

Brief Description of the Drawings 

10 Figitto 1 pwvjdes a cladogvam in respect of xelatedness between members of Um 

efidusPrunus. 

Hgure 2 ptovides a dendrogram in respect of relatednoss between membeis of tl e 
genus iViOTw. 

Figure 3 provides a schematic/ flow diagram for the methods of the invention fo ' 
1 5 generating male sterile breeding lines incorporating one or more target traits, alctig with 
desirable inheritable traits. 

Detailed Description Of the Invention 

Definitlonfl 

"Allele*' - Any one of a series of two or more different genes that ocoi^y the san e 

20 position (locns) on a chromosome. Since autosomal chromosomes arc paired, each 
autosomal locus is represented twice. If both chromosomes have the same allele, 
occupying the same locus» &e condition is refbned to as faomo:^gous fortfais allele. 
Urthe allies at the two loci are different, the individual or ceU is referred to as 
heterozygous for both alleles* 

25 **Allelo aasodated wifli** as used herein in conjunction vAUx male sterility or targCj 

trait(8), means a gene which by itself> or in combination with other genes, codes for mali 
sterility or ttie target trait(s) respectively. Thus, a plant having at least one allele 
associated with a given characteristic, such as male sterility or a target trait, means that 
the plant may be heterozygous or homozygous at at least one gene locos which, by itself, 

30 or in combination with other gen© loci, governs expresdon of that characteristio. Where 
combination of loci are involved in expression of a given characteristic, expression of 
characteristic maybe quantitative or absolute, d^ending on the nature of the interaction 
betweoi ttie respectivo gpne products and expression of the dbiaracteristio. 

*Xaiilling requitemenr, low chill" and *liigh ddU" as used herein, relates to the 

35 lengtti of time for whidi a deciduous plant must be exposed to a certain maximum 
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teniperatuiebefbienDnnalbadbr^. Esqposurotodiillingtenqicnrturesisnw 
oveiccoine doxmMcy in deddvoust plantt, after wtiich nonnal bud break and sro wth 
begin once growing conditions are favourable. The nunimal necessary duration of 
chilling length for any particular variety is known as the chilling requirement for that 

5 variety. Temperatures efiEeotivc in aatisftdng the chillmg requirement normally range 
0*C to 10*C, with the optimal temperature being ^proximately T^'C. 

For eacan^le^ peach varieties vary greatly in die number of diilling hours requirad 
fiom less than 200 houi« C^w ChiU") to over UOOO hours CHigh Chill")« The lower 
the ^''""■s requirement, the earlier the tree will begin growing once temperatures are 

10 warm enough. 

^Coa^iang* - in the context of this specification* the iaim "cooqprising'' me 
^Including prindpally, but not necessarily solel/\ Variations of the word *\ 
such as '^comiiristf* and *'ooizQ>rises*', have.oorKeqx>ndin^ varied meanings. 

Existing breeding methods 

15 In general, plant teeedlng involves csoss-poIUnation. However, many wo( 

perennials^ such as stone fiuit like peach and neotacine$i may be self-fiMtiliseis. Croi 
pollinafion widi mideshped plants and self-polluiation are tmdesirable to breeditig 
programs, and ther^oce care nrust be taken in the breeding program to ensure the ri^ it 
crosses are made. 

20 In addition, the resulting progeny resulting fi»m hybridisation will he 

heterozygous for many characters. Heterozygosity greatly diminishes the chances ft r 
producing a desired recombination of characters in a single plants and tfaer^ne acquirin s 
a desired pheno^e or genotype will typiodly require large progenies fiir selectb i 
because Inadequate numbeifS almost eertainly guarantee fiulure in any breeduig piogran . 

25 Also, die leproductivo cycle for many woody perennial such as stone fruity is lon£ > 
typically 3 to 10 years or more fiom seed to fiuitbg. The need for adequate growini; 
space for seedlings and the long reproductive cycle are costly in land and time. 

To in^aso control over the breeding process, traditional breeding techniques ain i 
to create homozygosity in key desirable characteristics (see Table 1 for traits relevant t< * 

30 stone fhut)« 
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Table 1 - Common desirable characteristics ia stone fruit (see also '^Advances in Fjjuit 
Breeding^ (Janick^ J. and Moore, eds., Purdue Univeffiity Ft&Q^ 1975)) 



Character 


Symbol 


White flecda/yellow flesh 


Y/y 


Pubescent skin/glabroas 


G^g 


Ereeslone/cUngstone 


F/f 


Soft meldng fleah/fimi meltmg 


Bt/st 


Melting fleflh/nonmelling flesh 


M/m 


Saucer shape/non-^mccr 


S/s 



To avoid such random events, a process of "artificial emasculation" is commoi ly 
employed whereby the anthers of ttxe floweis that have not yet opened, are removed. T le 
5 technique of ^'artificial emasculation" has been well dcsaibcd in the literature. Far 
example, this methodology is described in: the USDA Year Book, 1937; "Advances in 
Fhiit Broedin^' (Janick, J. and Moore, eds., Purdue University Press, 1975); aiid 
'"MeUsoda hi Auit Breeding" (Moore^ J.N. and Janick, J., eds». Purdue University Prei 
1983). 

10 The process of ardficial emasculatiQn inherently includes a number i>f 

disadvantages, includiiig inefficiency (time and labour intensive) and propensity to ecn t 
(ag. mxsafaig emasculodon, self crossing within one plant, etc) 

The use of a male sterility gene in plant breeding has been used in the productic a 
of maize seed, where using male sterile inbred lines as female parents in certain hybric s 
15 does away with the need for detasselling as the tassels on male sterile plants shed 0 5 
pollen. Seed production of hybrids based on male sterile inbred lines is thus a 1 
advantageous proposition for the commercial seed grower. 

By incoiporating male sterility gme into woody paemnai gernq>lasm, the length f 
and hiefBcient manual process of "artificial emasculation*' can be by-passed. 
20 Any deshed attributes may be incorporated into woody perennial varieties quickl ^ 

and efficienfly using this methodology, particularly ^ere male sterility is incoxporatef 
into breeding Imes homozygous for a range of other desirable characteristics. 
Important elements of this techmque mclude; 
1« Male sterility gene in woody perennial plants with desired combination ol 
25 attributes; 

2. Use of natural vectors for pollination in cmitrolled non-out crossinf 
conditions: 

3 . No hand emasculation; 
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4. 

5. Reduction of juvenile phase by chUling fimt Icemels and pre-gennination 
und^ refiigerated concfitions; 

6. Accurate evaluation due to forced unifoimity of plant development; 
5 7. Use of male stexilily gene as a maxker to tcack use of plants bred by 

novel method. 

lb particular) dovelopment of woody pcxennial breeding Uncs which are 
sterile^ homozygous for at least one dlde associated widi one or more target 
traits, and "(MAuch are of known genotype &r a set of desixed, typically oconomici 
10 important^ traits should overcome one or more of ttie above identified problems 
provide a moxe efficienti directed means for improving or changing «dstmg w< 
perennial varieties as required by new or changing maikets/ environmems. 

M^ods for generating trait-targeted male sterfle breeding lines 

Aceotding to the firat ^ubodimenti the present invention provides a method &r 
IS generating a woody pereanial breeding UnCtCompdsing: 

a) selectisg one or moxe woody peremiial plants, each of which comprises i 

least one allele associated with male steriUty; 

b) aetecdng one or more woody peremual plants which are capable 
faybrldiaation with the plant selected in step (a) and whidL comprise at least one 

20 associated with at least one target trai^ 

c) crossing the one or mcne plante selected m step (a) with the one or mote 
plants selected in step (b); 

d) selecting progeny plants which have one or more desired traits and which 
comprise at least one allele associated with male sterility and at least one allele assoaa 

25 with the at least one target trait; 

c) selecting progeny plants which are homosQrgous fbr male sterili^, which 
comprise at least one allele associated with the at least one target trait and which have i 
or more desired traits. 

Selection of plants in st^s (a), (b). (d) and (c) may be carded out by mere 
30 observation of flie pheno^e of the plants themselves, or their progeny (either through 
self-fertilisation or hybridisation with another plant of known chara.cteiistics), by 
polynucleotide analysis for known genetic markers, or by a combination of these 
methods, 
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The ability of flia plants of steps (a) and (b) to hybridise may be detennmed 
empirically through trial and enor, cladistic analysiSy or other suitable meOiod. Cladist e 
analysis, typically by analysis of banding patterns of ntracted DNA, is most 
advantageous for selecting the plants in tenns of economy of resources and time. DNA 
5 analysis may be carried out by any suitable mediod as known in die art. I^ically the 
DNA analysis is carried out by KAPD (R^id Amplified Polymorphic DNA) or gjtSE 
Simple Sequence Repeat fISSR> DNA fingerprinting a nalysis. Advantageous^. RAPDl 
or ISSR analysisy and cladistic analysis may be carried out as per the isopcoved methods 
described heieirL I 

10 Under a number ofciK^umstaiiceSpCmly one plant will be sele^ 

step (b), or both. For e^omple^ this may be necessary where a plant selected!^ 
steps (a) or (b), or both possesses a particularly desirable set of inheritable traits, such as 
at least one allele associated widi the at least one target trait and/or at least one allele 
associated with male steriliQr, and this combisiation is not readily available Sma other 

IS plants. Accordingly^ the c^oss of step (c) will typically residt in an Fi progeny which is 
substantially homogenous genotypically^ particularly if only one woody perennial plant is 
selected in bo& steps (a) and (b). | 

Acoordhig to an aspect of the above method, st«fp (d) may iUrther comprise 
allowing at least one of the selected F) progeny plants, if hetero2Qfgons for male sterilityJ 

20 to sdUr*fi»tilise to inreate an F2 progeny fbrfiirther^^^ The F2 progeny will typicam 
possess a spread of genomes iiiberited fiom the plant(s) of step (a), the plant(s) of step 
(b), or both, and the F2 progeny plants with fht most desirable genotypes, including srt 
least one allele associated with male sterility and at least one allele associated with the 
one or more target traits will thai be the subject of fiirther breeding or selection. 

25 According to another aspect, one or more of die F| progeny may be fertilised 

with a mixture of pollen obtained fix^m a plurality of the selected Fi progeny, The F2 
progeny will typically possess a spread of genotypes iiihedted from the plant(3) of step 
(a)i die plant(8) of step (b). or both, and the F3 progeny plants wifli die most desirable I 
gmotypesi including at least one allele associated with male st^lity and at least one 

30 allele associated with the one or more target traits will ttien be die subject of fixrther 
breeding or selection* 

According to another aspect, step (d) may fhrther comprise crossing at least one 
of the selected Ft progeny plants with one or more woody peremnal plants of Icnown 
genotype with respect to a desired set of inheritable traits and which comprises at least 
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one alleie associated wilb male staiillty to oreate an ft progany for fiirthfir breediqg or 
selection. 

The above aspects of die method of the invention will advantageously provide 
an F2 progeny ivith greater genetic diversity to select &om con^ared to the Fi progeny 

S where only one plant is selected in step (a), step (b), or both, whereby the cross of step flc) 
may result in an Fi progeny which is substantially homogenous genotypicaUy, 
particularly if only one woody perennial plant is selected in botii steps (a) and (b). 

According to an aspect of the above methods of the invention, the one or mom 
woody perennial plants selected in step (a) are male sterile - that i8» they are homozygow 

10 fbr male sterility. Such plants wiU also provide greater certainty as to fte genome of 1% 
plantSi and fiirtfacrsenerationsi with z^ect to male sterility. Because the one or more 
woody perennial plants of step (a) are male stodle in tfiis aspect of the invention, and 
cannot therefore self fertilise, the one or more woody perennial plants of step (a) may be 
grown in an isolated block, with the one or more selected woody perennial plants of stqj 

IS (b) without the need to emasculate the flowers of the plant(s) of step (a). 

According to another aspect of the methods of the invention, a plurality of 
woody peiemiial plants axe selected in step (b), and liie flowers of the woody perennial 
plant(s) selected in atap (a) are ftrtilised with a mixture of pollen collected fiom die 
woody perennial plants of stq> (b). 

20 Ihe converse may also qiply, and fherefbre according to another aspect, a 

plmality of woody pereorrial plants are selected in step (a), and the flowers of the woody 
perennial plant(s) selected in step (b) are feitilised with a mixture of pollen collected fbon: 
the woody perennial plants of stq) (a). This aspect, clearly, cannot apply where the one 
or more plants selected in st^ (a) are male sterile, 

25 In tiie methods oftheinv^tion where a plurality ofplants are selected in step 

(a) or step (b) for crossing with a plant selected in step (b) or step (a) respectively, the 
plurality of selected plants may conqprise a range of varieties^ species, or even genera^ so 
as to allow fbr incorporation of a broad gene pool into the resulting selection of progeny. 
Fbrthermore^ the use of poUen mixtures obtained from a number of woody perenmal 

30 varieties* species, or genera has been found to increase the likelihood of successful 
hybridisation, particularly where Qie seed parent and the pollen parent are of different 
species or incompatibility gtoiq)S, such as occur in cherries (Fruntds avium, and related 
species). Use of pollen mixtures is also advantageous for overcoming self- 
incompatibility such as occurs in, for example, plums (for example Pnmus 9Cilicina and 

35 P. domesHcd) apricots (P. ^rmenfaca) and almonds (P. amygdalus). 
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Acooiding to another aspect of ttie methods of ^ invention, the one or more 
woody pGremiiBl plants selected in stsp (a), step (b)j or both axe of known ^notype for ft 
set ofdesired inheritable traits. Advantageously sudi plants express, and/or are 
homozygous for at least one allele associated with, one or more of the traits within the aet 
S of desired inheritable traits, and even more advantageously are homozygous fbt at least I 
one allele assodated with eadx trait within the set of desired inheritable traits. 

Accozding to anotti^ aspect of the methods of the invention, the one or more 
plants of step (b) are at least heterozygous lEor male sterility^ This will ensure a proportipn 
of the progeny of the cross in step (c) tieing homozygous fiir male stenllQr- a ratio of IS 

10 male sterile: non-male sterile where tfaeplant(8) selected in step (a) and stq> (b) are 

hececozygoufi for male storlK^ and a ratio of 1 : 1 male sterile ; non-male sterile where tbk 
pla]tt(s) sdeeled in «tq> (a) are homo29go«s for niale sterili^ 
stq> (b) are heterozysous for male sterility or Che plant(5) selected in step (a) are 
heterozygous for male sterility and theplants selected in step (b) are homologous for 

IS male sterility. 

According to anottior aspect of tbe methods of the invention^ all of the woody 
perennial plants mployed in the methods are of tfie same species. According to this 
aspect, there would be no uncertainty as to the ability of the plants to hybridise except 
wheee the species are subject to sdf-incompatibility (such as in plums and iQ>ricots) or 

20 group ixicompatibiti^ (such as in chMies). bitfadcaseofsdf-argrotpinconqpatibiliQrJ 
appropriaie varieties for hybridisation should be selected so as to avoid the 
incompatibility, or mixtures of poIIcts fiom a selection of vazieties should be employed. 

According to another aspect of the methods of the inventioni the one or msx0 
woody perennial plants of step (a) are of a difEerent species and/or genus to the one or 

25 more woody peremnal plants of step (b). This will be required where the at least one 

tpiget trait is not available in the species of one of the parent plants of step (a) or st^ (b), 
or ifi more readily available in a different species. For example^ target traits such as 
extreme low chill requiranent and/or disease/pest resistance may be more readily 
available in certain non-commercial or s^- or non-domesticated species. 

30 Examples of spedes which may be used for crossing wifli P. p^^ca, P.persiea 

var. nucqm'sica, P^persioaywneeceainA, P. avium, P. cerasas, P. domestiea^ P. 
salicina^ P. armenlaca^ or P. an^gdalus may include a wide variety of tasown Prmw 
spp.. However, currently identified species of interest include: 
P. m^a P. mandschurica P. ^nsu 

35 P. davidiana P. bttgantiaca P. ceracifera 
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P. domestica 
P. nimonii 
P. mexicana 
P. rmmsonima 
P.persica 
P. bess^ 
P. avium 



P, sattcina 

Pm Mn^ricUM 

P. hprtulana 

P, umb^llata 

P. persica var nectarina 

PhutnUis 

P. pseudoceracus 



P* wutne 
P. armeniaca 
P, sibirica 
P. angustlfolia 
S P. communis 
P.pumiia 
P ceracoid^s 
P. campanidaia 

Thrae ^eoies may have varying chromosome numbers compared to the plant to| 
1 0 which they are to be crossed, and could need chromosome doubling. 
For exampto, in P. mlum 2N»16, whereas in P. pseudoceracus 2N=32. 

Species whidi may cross with pears (P^w 9.) may ixkdtade, fhr eaeiampl^ . 
pyrifblia orPyrus communis* 

Spedes which may ooss with apples Qialus domesHea) may include, &r 
is CKsmph^ M. domesilca, A£ AsiaUca^ ac M. formosana. 

A cladogxams for Prunus spp. ^ and a dendxogcam fyx Prunus spp.t which 
provide an indication of the likelihood of a successfiil hybridisation between members oj| 
the Prunus genus, are provided in Figures 1 and 2. 

Interspecific or intei^eneric b^nidiaation may also be desirable where 
20 intermediate characteiidtics to those of diher parent is desixed, such as in plum x apricot 
plum X peach, or apple x pesr fajAiridisations* loteicspeeifio or jntergeneric hybridisation | 
may also be used to tcansfibr ancles associated wifli male sterility into a desired 
commeroial specie^, optionally bad&crosslng the progeny to tiie desired commsreial 
^ooies so as to obtain what is efB^stively the desited ccmmeroial species with male 
25 s^Uity incorporated into its genome. 

Mixtures of pollens from a selection of varieties for crossing with a different, 
non-domesticated or semi^domefiticated species may improve the success of 
hybridisation. 

In some instances where the plant(s) selected in step (a) are of a different specie^ 
30 or genus to the plsnt(5) selected in step (b), there may be a difference in chromosome 
number wliich may result in con^letely or predominantly sterile progeny, if tiie plants 
succeed in hybridising to produce progeny at all. Thus, according to another aspect of 1 
metiiods of die invention, tiie ploidy of me plant(s) of step (a) or step (b) is artifidaUy 
increased to have a sufficiently similar chromosome number, preferably the same 
35 chromosome number as the otho* plant(6) to be used in the cross of st^ (c). 
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The duomosome number or ploidy of a woody perenzual plant may be 
artiiidally increased by any suitable method as known in flie ait, typically indludiiig fhi \ 
use of colidhicine or ofhct spindle body fonnation inhibitor, Metiiods for increasing fhc 
ploidy in plants, including woody pczemiials, are described in a number of publications 
S for example, •^Methods in Fruit Breeding"' (Moore, J-N. and Janick, J,, cds., ]?urduo 
Universl^ Press, 1983). Advantageously, the method used is the improved mediod for 
xaoTDasing ploidy levels in plants as described herein and/or as described in co«ponding 
application titled *^ttiod to Iheceasing Ploidy in a Plant*' by the Univ^ty of West«: i 
Sydney, filed on 26 September 2003 and inccnporatcd herdn in its entirety by cross- 
10 reference. 

A Gombhiatian of ploidy alteration and use of poUea polymixea, for interspecii ic 
or intengcnerio crosses between plants of dilfemt chromosome number may also be use 1 
for farther improvements in hybridisation efficiency. 

Unfortunately, non-commeicial or non-domesticated woody p^:ennial specie s> 
15 such as low-chill and/or disease resistant gemiplasm contributors, may bring with the oi 
many undesirable traits. Even in the case of an intraspecific cross, or an interspecii Ic 
ctoss between plants of commercial or domesticated varieties, a loss (partial or complet i) 
of desired traitB> such as fiuit taste, flavour, size, colour or texture, or tree habit, mt y 
occur. AcGonUnj^y, backctossing to one or more commerrial varieties having a knov n 
genotype with reqpeet to a desired set of craamercial pxopordcs may be necessary so as 1 9 
incorporate the desired conunercial traits, along with male sterility snd the at least on s 
target trait into a breeding line. 

Thus, according to an aspect of the methods of the invention, step (d) may 
further comprise one or more sequential back-crosses of one or more selected progeny 
25 plants with oxte or more woody per^onial plants of known genotype with respect to a 
desired set of inheritable traits, and selecting resulting progeny plants which comprise at 
least one allele coding for male sterility and at least one allele associated with the at lesst 
one target trait and which are of known genotype for a desired set of inheritable traits. 
Selection of the one or more woody p^ennial plants for back-ciosaing to flie selected 
30 progeny of step (d) may be carried out by msxc observation of the phenotype of the plants 
themselves, or their progeny (cither through self-fortilisation or hybridisation wife 
another plant of known characteristics), and/or by polynucleotide analysis for known 
genetic mariceiQ, Also, the ability of these woody perennial plants to hybridise wifli tixe 
selected progeny of step (d) may be determined CTipirically throu^ trial and etxor, 
35 cladistio analysiss or other suitable mediod. Again, cladistio analysis, typically tbxon^ 
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analysis of banding pattmis o f extracted DNA, by me&ods known in (he art^ or by the 
improved DNA and cladistio analysis methods described hereiii^ is most advantageous 4i 
tenns of economy of lesomces and time. 

Typically, the one or more parental woody peremiial plants used Ibr 

5 backcrossing to the progeny of step (d), expiress & set of desired inheritable traits. More 
typically they are homozygous for at least one allele associated with one cr more desire^ 
ixihmtablc traits. Bven more advantageously the one or more parental woody perennial 
plants used for badccmssing to the progeny of step (d) are homozygous for at least one 
allele assodated with each trait within a set of desired inheritable traits. 

10 Breeding lines developed by methods ofiheinvntion which are 

bomozyi^us ftr most economic traits he^s hasten the developmaxt of new cultivars. 

Iho one or more parental woody perennial plants used for badccrossing to the 
progeny of step (d)^ may be heterozygous for male sterility, or homozygous male sterile 
plants where the progeny plants m heterozygous for male sterility. 

IS Ihe parental woody pamnmal plants used for backcrossing to the progeny of 

step (d), may be of the same species, or be the same, or of the same variety as the one or 
more woody perennial plants of step (a), step (b), or both. 

According to another aspect of the methods of the invention, the at least one 
tsTjgdt tFsit is selected fiom the group comprising; low cfaiUxe^ hi^chill 

20 le^iQirement; disease^pest resistance fiuit development period; fivit acidic, fiuit shape ; 
fiuit size; fiuit flesh texture; fruit total solids (sugars); fiuit-^ldn pigmentation; fiuit 
flesh pigmentation; fiuit skin pubescence; stone adhesion to the fiuit; tree habit; tree 
size; tree growth ratie; spur morphology/ haUt; pedicel length; pedicel thidmess; sntur|s 
presence/absence. 

25 The target trait may be polygenic - that is, one which is governed by a number 

of separate genetic loci. Examples include chilling requirement* disease/^est resistance, 
plant and/or fiuit size, amongst others. Advantageously, the allele(s) for this trait, as 
provided by the plant(s) selected in step (b) is/are complementary to any allele(s) 
associated with trait whidi may be provided by the plant(8) selected in stqp (a). 

30 According to another aspect of the methods of the invention, the at least one 

target trait comprises low chill requiiement. Insertion of low chill requirement into stone 
fiuit such as peaches, nectarines, plumSf apricots and cherries will result in plants which 
can be grown in wanner climates than currently known while not compromising fhdr 
flowering and fiuitingi^yielding characteristics, potentially opening 14) new or more 
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6£feetLVe firedh fiuit maxkets. Cro^izig^ybridismg plants with different diiUiog 
lequiremeats will tequire storage of pollen and artificial utilisation of flowers. 

It i& possible to continuously select for lower and lower cihiU (which a 
polygenic trait) as segregation allows tor the shuffling of genes in combinations wh ch 
allow for this, Unfortunately Uxo increments in lowering chill requirement axe genera lly 
small and a major shift, if necessary, is only cunently possible by using either wild or 
aemi-domeaticated germplasm^ or related species. 

Hie present invention also involves the recogoition of several fbnns of ihe 
spedes being dealt with or related specie^, fyt exait^le Prumis Species which have a v< ly 
low-chill lequiremfint which win artificially h>Midiae. Such low«chill species inchu e: 
Prunus campamtlatap P. ceracoides and P. angust^lia. 

Low-chiU requiring plants of non-domesticated geanplasm typically flower 
early and generally mature &eir fiuits quickly wib the unfortunate consequence of a lo 5S 
in at least fruit qualities of size and flavour. 

Where the one or more low-chill woody perennial plants selected in stqp (b) a re 
non- or semi-domesdcated plantSi backcn>$$ing to one or more commercisl varieti 
having a known genotype with respect to a desired set of commensial properties, is 
deBcribed above^ may be necessary so as to achieve desired cmnmeteial traits includiQ h 
&r eKanq>le» a long ftuit development period gene» which allows ttie plant a longer tin e 
to produco carbohydrales finr the fiuit, in conjunction. with male sterility, low dull 
requh-em^ and possibly one or more additional target trait(s). 

According to another aspect of the methods of the invention* the one or more 
woody peremiial plarits of step (b) express at least low chill and disease/pest resistance 
target traits* Often> disease/post resistance will also be more r^ulily available &om 
gennplasm of a nonrdomesticated species or variety, and therefore backcrossing with a 
domesticated variety of known genotype with respect to a set of desired ccmmercial trait 
may be required so as to achieve a male sterile breeding line ineorpoxating die desned 
traits In conibination with at least low chill requirement and disease^pest resistance. 

Disease/jpeat resistance may be resistance to baoterial leaf ^t. Shake (Plum Po:j[ 
Vuns), bacterial canker, root ret, brown rot, peach eauker, bacterial canker, bacteria! 



According to another aspect of the metixods of tiic invention^ the desired 
inheritable traits are selected firom one or more of the group conqsrising: low chill 
requirement; high ehill requirement; disease/pest resistance; fiuit development period; 
fruit acidity; fivitshi^e; fiuit size; fiuit flesh textut^ fiuit total solids (sugars); fruit 
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ddbpigmeatatioi^fiiUtfiesbpigmratati^^ firuitddnpUbescencse; stone adhe^on to tlje 
ftiiit; tree habft; tree fiisse; tree growth rat^ spurmoxphology/haliit; pedicellength; 
pedicel tfaiokness; suture prescacc/absence. 

Accoiding to another aspect of the methods of the invCTttion, all the plants are bf 
5 the genus Prunus. More typically, the one or more woody perennial plants of step (a) a|c 
selected from peach (Pnmus p^rsicd)^ nectarine (P. persica var nucipersiea, P. persica 
var nectarim)^ plum (P. sattcina and P. domestical cheiry (P, avium or P. Gerasus)t 
almond (P. amygdalus) or ^iicot(P. atmsniaca) varieties. 

According to anDtha* aspect file one or more woody perennial plants of step (a)|, 

10 step (bX or both are related to peaches, nectarines, ptums» chenids, almonds or qfuieots, 
but are of a dif&rsnt species. For example^ in the case of cheiries, the plant(s) selected 
step (a) may be selected from P. campanulata^ P. cemeoides^ P. pseudoe^racus , In the 
case of peaches and nectarines, the plant(s) selected in st^ (a) maybe selected fiom 
Prunus salictna^ P. domesUca^ P, amysdalust P. armeniaea, P, mira or P. davidiana (the 

15 latter two of which may provide Shaka resistance), and in the case pf plums, the plant(s) 
selected in step (a) nuy be Prunus angustifolia^ which provides low chill requirements. 

Even more typically, the one or more woody perennial plants of st^ (a), step 
(b}» or both are selected fiom peach ornoctaiine varieties. 

Alternatively, the one or more woody perennial plants of step (a), step Q}) or 

20 both are related to peadies or nectarines^ but are ofa different species. Fc^exanqile, 
Resistance to Shake disease, as a target trait, may be found in P. m^aandP. davidlana 
which are ift>le to hybridise with peaches and nectarines. 

According to another aspect of the methods of the invention in which the one or 
more woody perennial plants of step (a), the one or more woody perennial plants of st^ 

25 (b)i or both are selected firom peach, nectarine^ plum, cherry, almond or apricot varieties^ 
step (d) fiirther con^rises one or more sequential back^rosses of one or more selected 
progeny plants with one or more parental woody perenniai plants which are selected J&om 
peadi, nectsiine, plum, cherry or apricot varieties, typically peach or nectarine varieties 
AccordiAg to another aspect of fhc mediods of the invention hi which the one or 

30 more woody perennial plants of step (a), the one or more woody per^mial plants of step 
(b), sx both are sdected fiom peadb, nectarine, plum or qnrioot varieties, step (d) fiirth^ 
comprises one or more sequential back-crDsses of one or more selected progeny plants 
mth one Or more woody perennial plants which are related to peaches, nectarines, plimis 
or apricots, but of a difibrmt species to the plant(s) selected in step (a)» step (b) or both 

35 steps (a) and step (b). 
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According to another aspect of the methods of the invention^ the one ornioie 
woody peramial plants of st^ (a) aire selected fncmi pea;^ orneetarine varieties, and thlp 
one or more woody perennial plants of step (b) ate sufliciendy related to peaclie$ or 
nectarines so as to be able to hybridise therewith, but are of a di£femit apeoies. 
5 According to tfiid a$pect» $tep (d) may fiiither comprise one or more sequential back- 
crosses of one or more selected progeny plants with one or more parental woody 
perennial plants which are selected ftom peach or nectarine varieties, or suificiratly 
related species, T^icaliy, the latter woody perennial planes and the one <»r more wood^ 
perennial plants of $tep (a) are of file same variety. 

1 0 Acconling to anoQier aspect of the meOiods of the invention involving Prunus 

qiecies. the one or more target traits comprise low cfaill requirement. Advantaeeou$ly, 
tbe one or more woody perennial plants of step (b) ateo comprise at least disease^est 
resistance^ as a target trait. TypicaUy, the one or more woody perennial plants of stqp (b I 
will be fioxu, or derived fiom a non-domcsticated or semi-domestiGated species related t< » 

15 peaches^ nectarines, plums, cherries^ almonds or apricots^ and fiie one or more woody 
perennial plants of step (a) will be fiom, or derived fiom peadtt, nectarine^ pluxn^ cherry^ 
almond or apricot varieties. 

According to another aspect of the invention, the one or more woody perc»mial 
plants of step (b) are selected fiom phmi or apricot vaii^ea. According to this aspect, 

20 step (d) naay finther conqnise one or more sequMtial back-crosses of One or more 

selected progeny plants with the poUea of a plurality of woody peranial plants which an i 
selected fiom plum or apricot varietieSi 

Accotdixiig to another aspect of the methods of the invention, the resulting 
woody perennial breeding line is male sterile, homozygous for a desired set of inheritable 

2S traits, and homo2ygou6 for at least one allele associated with at least one target trait. 
Male sterile targeted breeding lines 

According to another mibodiment of the invention, male sterile woody 
perennial plant breeding Unes homozygous for at least one allele associated with at least 
one target trait and being of known genotype with respect to a set of desired inheritable 
30 traits, generated by a msdiod according to the invention are also provided. 

Acconling to an aq^ect of diis embodiment &e male sterile woody perennial 
plant breeding line is a Annus variety sdected finm peach, nectarine, phun, cherry, 
apricot or almond varieties. 
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According to another aspect of tliis embodiment, the male sterile woody 
perennial plant breeding line is the tesult of the cross of step (c) betag an intetspecdfic 
cross. The resulting plsntnxay be a plumcoty a pleach, or other hybrid. 

Altectiatively» an intecspecific hybrid Tesulting from an interspecific cro$9 in sfpp 
5 (c) may be back-crossed eevcid timc9 to a particular plant variety, which may be the 
same plant, or plant variety as selected in step (a) or step (b), so as to re-acquire the 
desired traits from the species origuially selected in step (a) or step (b)» thereby T6$ulting 
in a plant which is technically a new species, but which is essentially the seme species as 
the plant species selected in 5tq> (a) or step (b). 
10 Thus, accoidhig to this aspect, wherci for example the method involves 

species, the male sterile woody perennial plant breeding line may bo essentiaUy a Pruma 
variety selected from peach, nectarine, phnn, cheny, qnicot or almond varieties. 

According to another aspect of this embodimni^ the one or more target traits I 
Gonaprise at least low chill requiremcDt, disease/pest resistance, or both. 
1 3 According to anoflier aspect of fiiis embodfanent, the resulting woody peiennial 

breeding line is nuUe sterile, homozygous for the desired set of inheritable traits, and 
homozygous for at least one allele associated with at least one target tcait. | 
According to anothiar onbodimeot of the invention, there is provided a method 
ibr gcm^atfaig a woody perennial variety comprising one or more target inheritable traitsJ 
20 eon^irisingcrossdng a fust sdected woody p^cenntalpl^^ 

inhoitable traits, or a group of plants sharing a set of desired inheritable traits^ with a I 
second selected woody perennial plant which is homozygoua for male sterility, and 
homozygous for one or more target traits. 

According to an aspect of this embodiment, the second plant is of known 
2S genotype with respect to the desired set of inheritable traits of the first selected woody 
perennial plant or group of plants sharing a set of desired inheritable traits. 

The second plant may typically also express the desired set of inheritable traits 
of the first selected woody perennial plant or group of plants sharing a set of desired 
inheritable tcait$» Advantageously, die second plant may be homosygotis fr>r one or more 
30 of the desired set of inh^table traits of die first selected woody perermial plant, or groiq> | 
of plants sharing a set of desired inheritable traits^ and even more advantageously be 
homozygous for each of the desired set of inberitable traits of the first selected woody 
porennial plant or groi^ of plants sharing a set of desired irdieritable traits. 
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Acooitfing to ttns cmbodim^ of flie inveutioii, the second ivoody perennial 
plant is tyipically a male sterile woody petennial plant bteeding line developed by the I 
methods described aibove* 

Accoiding to an aspect of Ihia embodtment, flie first selected woody pereonial 
S plant variety with a desired set of inheritable ttaits, or group of plants shariog a set of 
desired inlieritable traits^ are planted in an orcdiard^ surrounding the second plant 

Accoiding to another aspect of tiiiis embodiment, pollen fiom the first selected 
woody peiennial plant variety with a desiied set of inheritable traits, or a xnixtme of 
pollen from the groi^ of plants sharing a set of desired inheritable traits, is used to 
10 artifidally fbrtUise the flowers of flie second plant 

Accoiding to anodic aspect of du5 embodbueni; the pla^ 
are monbeis of the genus iVumiir. Typiedlyi die plants are sdectedfiom/Vumtf 
^ch ar^ or are essentially peach» neetarinet, plum, cheny, apricot or ahnond varieties. 
Alternatively^ at least one of the plants used for the method is a hybrid between two 
15 diffisrent Pnmus species, for example, a plumcot or a pleach. 

According to anodier aspect of this embodiment^ the male sterility was inserted 
into the second woody perennial variety by means of recombinant DNA technology. 

Woody perennial plant varieties generated by the above methods are also 
provided. 

20 Aceorduig to an aspect of this enibodimirac, die plant varieties generated by die 

above mediod are selected fiom Pnmus plants which are, or are esscmdally peadi, 
nectarine, plum, cherry, q^cot or almond varieties. Altematively, atleastoneofthe 
plants used for die method is a hybrid between two differesnt Pnmus qpecies. for csaix^lel 
a plumcot or a pleach. 

35 According to another aspect, the resulting plant variety, or varieties^ express one 

or more target traits selected from the group comprising: low chill requirement; high chill 
requirement; disease/pest resistance; fiyit development p^od; fruit acidity, fiuit shape; 
fruit size; fruit flesh texture; fruit total solids (sugars); fruit skin pigmentation: fruit 
Aesh pigmentatian; fruit akm pubescence; stone adhesion to the frui^ tree habit; tt^e 

30 si2sq troegpowdirate; spur morphology/ habi^ pedicel lengtl^ pedicel thickness; sutun 
presence/absence. 

According to a another aspect, the teaultmg plant variety, or varieties, express at 
least low chill, diseasc/pest resistance, or both as target traits. 

According to a fbrther aspect, die resultmg plant variety expresses heterosis for 
35 one or more target traits. 
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Setectiqa of plants for hybridisation by dadistic analysis 

Tho ability of two speeios to hybridise in ihe methods of the pieseat invention 
may be detennined by trial and enxn; but is more appropriately and efficiently determinksd 
by cladistic analysis. This typicaUyreqaixes analysis of Oio genetic 
5 plants^ and may be canied out by any ^ipnipriatQ mcdiod as known in the ajct. T^call; f 
(ho DNA analysia is carried out by RAPP QUpid Amplified Pol>inoipfaio DNA) analysjs 
Of hiter Simple Repeat (ISSRl DNA fingerpriTiling . 

Advantageotksly, an improved method for DNA extraction and dadistic analysis 
as described below^ which has been developed specifically for woody perennials is 
10 en^loyed for detenmning the abiUty pf two species to hybridise in the methods of the 
present invention. 
DNA extraction 

The avsilabilily of fresh materials may determine the wei^t of individual 



15 Genomic DNA is extracted fiom fresh leaves (< lg)» using a method similar to 

that of Dellapoita et al (1983, as described by Willde et al 1997). Tissues aie ground by I 
hand in ceramic mottars wi& sand and liquid nitrogen and then mixed y^th 40mL of tins 
butBsr (SOmM Tris, lOQmM NaCl, 1 OOmM BDTA, 1% PVP, pH7,5) and left £br 30 mins] 
at 4^ C. After centrifiigaticm for 1 0 min at 4 000 x g, the supematants are di^cardedo and 

20 the residue Tusu^pended in lOmL of digestion buffer (SOmM Tris, lOOmMNaCli IOC 

BDTA, OJi% SDS, pH7.S) and incubated at 65^ C for ISmin. Protein and caibohydrate | 
ate precipitated, together with dodecyl sulphate, by ihe addition of 900 of lOM 
potassium acetatOi&Uowed by inoubation at O^C for 30 miiL Aftercentrifiigationatl 
800 xgfiar 15 min, the supematants is removed to new tubes. Nucleic add is iKredpit 

25 by the addition of 2 volumes of 96% elhanolj removed fiom the liquid and rinsed twice 
with70%eth$nol. 

A purification procedure using diatomaceous earth binding, adapted fiom the 
technique described by Gihnoie et al. (1993) is then followed: 1 .SmL of a binding agent 
(SOmM Tris, 6M NaCU, ImM EDTA) was added and the mixture is incubated for 20 1 

30 at ambient tomperatine. 300^ of a water suspension of acid-washed diatomite is added 
and followed by a fimha-SOminineubadon. The mixtures are centiifiiged at 550 x g for 
10 mhi and the siqseniatanta discarded. The diatomite seduncnts (with bound DNA) are 
twice washed with L5 mL of 3:1 (bhiduig agent: ]%0) and then once with 1.5mL of 
20mM Tris, 2niM EDTA and 2M NaCl in 25% ethanol, eadi wash behig fbllowed by 

35 cenlriflxgationatlOOOxgforlOnmL 
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DNA is eluted with 300^L of TB (lOmM Tris. ImM EDTA. pH 7.5) at SO^C fi{r 
10 inin« After centiifiigation at 2 800 x g md x^movidi of the supemataats to now tubes, 
the DNA is pred^itated by the addition of 2.5 volumes of 95% cthanol containing 
12QniM sodium acetate, centrifiiged at 2 800 x g £>r 4 min and rinsed with 70% eHianol , 
5 then with 96% ethanol, before being dried under vacuum Ibr 10 mixi. Purified DNA is 
rediGsolved In 500|iL of 0.1 TE. 

The quality and quantity of oxtiacted genomic DNA samples is assessed by 
elccteophoivsis in 1% agarose gels, after staling with ^ Eleotrophoresis 
is used as a general diagnostic tool 1o ascertain the quality and quantity of graomic DN^ 
10 mtracted. It is also used to evaluate PGR prednote. 
pATtgfffit^l Afra naseBleetcophQrcsis 

Gel Electrophoresis is perfonned «t 140V and 93)yiA, fiir a period of 45 mins. 

Gels areptepBved d$ fbllows; 

2t5g i^arose is fblly dissolved in 250mL of electrophorofiis buffer (45inM Tris - 
15 borate, IMm EDTA (Samhrook et al 1 989)}. The mixtUie is held on a high heat at 250^C 

in a miczowave oven for 3 mins^ cooled to 55^C, Aen poured into a tray with gel combs i n 

place. After 1 hour the hard gel is placed into the electrophoresia machine and immersec 

into an electrophoresis buffer. 

Markers are pr^ared as follows: 
20 0.5 of Ptomega pGem DNA Maikac G174A» 9.S fiL of electrophoresis buffer 

(45mM Tris - borate^ ImM EDTA (Sambrook et al 1989)) and 2|4L of Promega 

Blue^Orange Loading Dye, 6X (G188A). 

The DNA sanq)Ie$ are prepared as follows: 

5|iL of each individual DNA sample is mixed with 5^ of electroph<»esis huftet 
25 and ZyiL of dX (0188A) dye. 12^L of marker and 12^L of each DNA sample are placed 

into the pertinent 'wells' within the gel. The previously calibrated Gel Electrophoresis 

Apparatus is run for 45 mins. 

When the process is completed, a section of gel containing the DNA samples i& 

cut out and placed into a vessel containing a solution of Elhidium bromide, 54g Tris, 
30 27.Sg Boric acid and 20mL 0«SM EDTA, atpH 8.0, The vessel is placed onto «n orbital 

shaker for apcriod of 1 hour to aidifaoroui^ and even staming. The stained piece of gel 

was retrieved and photogrq^hed. 

Polymerase Chain Reaction (PCfVi 
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A region of cUoroplaet DNA coinpridiDig ihe fRNA leucine (UAA) gene (pTiL) 
ike intxon it contains^ the tRMAp1ienylalanine<GtAA) gene (MP) and the intergraic 
spacer between tmL (5' exon) and tniF, is amplified using the polymerase chain tcacti< n 
(PGR) CVluUis andPaloona, 1987), ndng the primers AS0272 and B493I7 of Taberiet 
S al.(1991). 

Amplification by PGR of the tmUF region is performed in a HYBAID OMN-E 
themiooyoler, using the following program: 5 min at 9VC; and 30 sec at 94'>C, 30 sec ^ 
60*>C and 1 min at 74** C, repeated 30 times. 

Tho reaction mixture contains S fiL of iQx PGR bufifcr (BIOTAQ lQxNH4 Buffi \r 
10 [no Mg^ fiom BIOUNE Co.), S |iL of '4dNTFfi' (2 JmM each of dATP, dCTP» dGTi ' 
and dTTP. finm Promega Co.) , S |jL of 25 mM MsCl2, 1 fiL of each of ttio two pnmm 
a concentration of 20 33 [xL H3O and 0.3 |aL Taq Poj^^afie (BIOTAQ fimn 
BIQLINE Co., 5 uails/yL), for a total volume of 50 fiL. 

PCR products are purified u$ir^g the CONCERT PGR Purification Kit (OibcoBi 
15 Co.). DNA sequences can be ascertained using the ABI prism fluorescent dye-tetminai 
system (Applied Biosysteoaas. Foster City, California). 

Random Amoliflcation of Polvmcirphie DNA iSt^ny 

RAPD, a PGR based method is used to amplify short anonymous stretches of 

DNA which are then separated and visually reproduced by gel electrophoresis. 
20 The protocol of Welsh and MoClelland (1990) is followed. DNA fragmcmts of 

interest arc amplified usmg appropriately selected prhners. 

The reaction mixture for RAPDs consist of; 2yL 1 Ox PGR buffer, 2jjiL MgCla 

25niM» 2pL 4dNTP, 4|4L primer 20mM, 10 pL H2O and 0.2{tL of Taq polymerase (5 

units ijIh, Promega). 2.5pI,of each respective DNA (quantity not esiunated) was placed] 
25 intoeaditube. llie PGR was performed using a CozbettFTS 4 0001^ 

and the following program: 96^ C for 3 min, dien 40 repetitions of 96^ G for 1^ mhi, 36^| 

C for 1 .5 min, and 72** C for 2.5 min, followed by 72* C for 6 min. 

PGR products are analysed by poly-acrylamide electrophoresis and revealed by 

silver-staining using a Gene Gel Exel 12.5/24 pre - cast gels, run on a GenePhor 
30 electrophoresis apparatus and stained with the PlusOne kit (all exwn Phwnacia, lOOV, 2 

hours). Images of the silver-stained gels are scanned directly into a computer and 

ealarged and printed for visual analysis. 
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Molecular sizes of Identified bfinds aie estlxnftted coznparicon t^rith Pmmega 
'pGemDNAmarkers (#G174). 

A binary mmiber data matrix ia constiucted in which the abaence of a band is 
denoted 0 and the presence of a band 1 . The matrix is siflgeclcd to analysis using PAUpI 
S version 4.0b5 for Macintosh software padcage (Swoi&xd^ 2000) and MacClade 
CMaddiaon and Maddison, 1992), 

ISSR, another PGR based method may also be used to amplify short anonymous 
10 stretches of DNA which are then separated and visually reproduced by gel 
electeophore$iSi 

ISSR-PCR is candled out using a protocol based on that described by Briaid et a1. 
(ZOOl). Each reaction mixture ccnntains 2.5 pL of lOx PGR buffer (Pkomega ^1900), 
2 )iL of '4dNTP8* (aa above^ 2 J \mL of 25 loM MgCl^ 3-73 pL of the primer (AO)8T2 at 
IS aeoccenttati[onof20|iM, 15|4LH2Q,andO.SHLTBqPo]^era8eCPromcga, 

5 units/^X 2 liL of each respective DNA (qnanti^not estbnated), jSxr a total vohunj 
of 2S ^L. The PGR was perfonned in a Cotbett Research CP2-03 Themial Sequencer, 
using tibe following program: 5 min at 94^Q 35 cycles of 30 sec at 94''C; 30 sec at 60°C 
and 5 min at 72''C. 

20 PCR piodudts are analysed by electrophoresis throu)^ 2% agarose in TBE 

electrophoresis bufSer {2J5$fh boric acid, SAgfL Tris and lOmM EDTA), S V/cm for 2 
houra^ stained Mill eihidium bromide, and photogrq>hed under UV iUuminatioo. 

A binary numb^ data matrix is constructed in which the absence of a band is 
denoted 0 and the presence of a band 1. The matrix is subjected to analysia uaing PAUP 

25 vecsion 4.0b5 for Macintodi software package (SwofEbrd, 2000) and MacClade 
(Maddison and Maddison, 1992), 

qen^rtB?^eU?.5/24Kit 

The Polyaerylamide method yields better results compared to agarose-based 
30 methods, as the depiction of DKA bands is shaxper, especially when dealing with '&int* 
bands. 

GencGel Exel 12.5/24 Kit contains pre - cast gels (Stacking gel T « 6%, C « 3%, 
S€paxatine gel T - 12.5^ C = 2%) with pre - fomied sanq^le wells (6{iL). 
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Hie Kit also contains poityaoryliimide strips (strip matrix polyacrykmide T « 12k» 
C a 3M) eontaimng the buffer needed ftr eledxnplioresis. The anode buffer strip contajos 
0,45 moVL Itis/Acetate, Ag/L SDS and 0*05^ Orange O. The cathode buffer system 
Gontidns 0.08 moinrris» 0,80 mol/L Ikioine and 6g/L SDS, 
5 The Ut fonn5 a discontinuous system designed for DKA separation. Quantities m 

0,5 mol/L Tris and 1.5g Tris ure dissolved in distilled H2O. The volume is made up to 
ZSmL. A second sample solution is also pxepatedyContamingO.Imol/LEI^^ 
aad l.Og EDTA sodium salt Hie ingredients aie also dissolved in distUIed HaO and 
made iqp to a volume of 25ml« 
10 ' The sample buffer (total volume 25 mL) is prepaid in the folto 

500(iL of 0.5 mol/L Tris sohitum (final coiieenlFation tOMxmVL) is mixed with 250^L 
0.1mol/L EDTA (final concentration IMmoI/L;, lOmg of bromoph»ol blue and 23mL 
dtstilledH^O. An additional quantity ofl.25mL of distilled H2O is added. 

The solution is tiiorou^y mixed and the pH was adjusted witii acetic acid to pH 
IS 7.5, 2^L of sample bufiRsr was then mixed with each 4 fiL DNA sample^ to make up the 
^plication volume to 6uL. 

Tlie marker used is a 1 :50 solution of Piomega P. Gem Marker 0147 and 
dectrophoresifi fluid. 

The QenePhor Electrophoresis Unit (Miamada Biotech) is set at IS'^C. 
20 0,5mLofKmseae8etving as insulatittgfhiid is spread evenly onto 

the electrophoresis unit to continuously cool it 

The gel is positioned on the cooling plate with sample wells being on the cattiode 
side. Ahrbubblestrappedunderthe gel are elimiziatdd manually. 

The buffer strips are placed in the slots provided, with their naiYow base touching 
25 theplate« 

Recommended running conditions are as follows: voltage 600V, 
the current 2SmA and power 1 5W for a duration of SOmins at 15^C. However, better 
results may be obtained witii a lower voltage. AtSOOVtbegelmaynotdiyoutas 
quicklty, giving by virtue of a longer run, a superior final picture. 
30 Once electrophoteais is conqpileted, the gel is stained by silver staining. 

All procedures are based on all reagents used at an ambient ten^cratuxo of +20°C 
to + 27^0, 4 aliquots of reagents (125mL each) are prepared. 

A Fixing solution, (containing Benzene sulphonic acid at 3 .0% w/v in 24%v/v 
ethanol) is pr^ared by mixing 2SmL of a Fixing solution Sx andlOQmL 24% ethanol; 
3S A Staining solution (containing Silver nitrate; 1 .Ow/v» Benzene sulphonic acid at 
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0.3S9«w/v) is prepared by znixing 25 mL of Staining solution Sx and lOQmL of distilled 
H2O. 

ThQ Developing solution concentrate (Sx, contaimng Sodium carbonate at 12.S9^ ^ 
w/v) is prepgrod by mixing 25xnL Sodirnn caitonato 5x, 12SpL of Sodium tluo$alphatc 
5 (2%w/v in H2O), 12SmL of 37% Formaldehyde/distilled HaO and lOOmL distilled H2O. 

A Stopping and preserving solution (containing Acetic add at 5%y/y^ Sodium 
acetate at 25%w/v and Glycerol at SO%vAr) is prepared by mixing 25mL of Stopping an i 
preaerving solution 5x and lOOoxL of distilled HzO* 

It should be noted tliat the Developing sohitiaa witti Fonnaldehyde is unstable ai d 

10 

ia prepared immediately befiue use. 

The gel is soaked in the Fixing solution and placed onto an oibrtal shaker for a 
minimum time of 30 minutea. The gel is then incubated in the staining solution for a 
fiirther 30 minutes and washed in a quantify of distilled H2O for a period of 1 minute. 
IS The water is then poured off and the gel is placed into the Developing solution fo r 

a period of 6 minutes. 

Hie DNA banda become visible, Ibe gel i& then soaked in the Stopping and 
Preserving solution fbr a minimum period of 30 mins (can be left overnight). The gel is 
rettievedanddxied- 

20 The gels may then be photogrsqphed tor fixture analysis^ and the photognphs 

visually enhanced. 

Only those DNA bands that are clearly visible are transferred onto graph psper. 
Each band is given an identity (Al, A2, etc.) at thifi stage. DNA bands which are not 
distinct, (faint bands), ac« discaxded. DNA bands appearing on the series of gels where 
25 idmtical primers ate used are carejuUy compared. 

Size eatimation ofRAPD or ISSR generated DNA hai^ds 

To estimate die aize of DNA banda of each spedes of woody peieinniaU tiie 
following temiia and equations are used, 
X = Jog size 
30 y« log distance 

a - intercept of slope witii y axis (additive constant) 
b - slope (multiplicative cons^t) 
x->(a»y),b (the fotmula for slope). 
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y = ft-x/b 

xl-(a^yl).b 

x2 = (ii-y2)-b 
• (xl-x2) = (y2-yl).b 
5 Consequently 

b = (xl-x2y(y2-yl) 

a - (x/b) + y « (xl/b) + yl (]c2/b) + y2 

Where 

xa ^ log size of an unlmowiband 
10 yu = measmeniGiit of distance of an unknown band. 

Tben 

x»(a-ya),b 

To calculate andlog of xa (in band si2S6)» exp • (peittnanC coordfaiates). 
To calculate the initial X value XB IN (K9) 

IS Cladistic analvsijs of moTPholoeical charBctera 
Genetio distances 

t'ainvise genetic distances are calculated on the basis of &e proportion of 
fiagnients» uaing foiinula l^SNxy/ C^x^N^). where Njty is the number of bands shared by 
specimens x and y, and N, is the number of bands from specimen x (based on IJpholt 

20 I977» aa dted by Ame 1993} (Table 4(2)). Tho resulting values, provided, as a 

percentage, then provide an mdtcation of the relatedness between species. Typically, a 
rdateAicss of greater dian 50%, more typically, more typically a rdatedncss of greater 
than 60%t even more typically a relatedness of greater than 70%, even more ^ioally a 
relatedness of greater than 80%, even more typically a relatedness of greater than 90%^ 

25 even more typically a relatedness of greater than 9S%, would indicate a reasonable 
likelihood of successful hybridisation. 

Improved method for increasing the ploidy of woody perennial plants 

It has been found ^t exposure of plant tissue to relatively hi^ concentrations o 
colchicine results in improved yield of cells in which chromosome multiplication ha: i 
30 beenefifected* It has also found that improved yields may be attained moi« rcproducibl] 
than is attained with known methods. It has also been found by the present inventor tha 
dae yield of cells having an increase in ploidy may be improved whn oxposure of fh< 
plant tissue to the .agent capable of uihibitmg spindle formation is commencec 
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sutetantiaUy coincidental with Qie breaking of dotmancy of the plant tissue. 

Hie m^od eonqprises die following si^s: 

contacting plant tissue comprising dividing cells with an efSMtive amount oi a 
composition compiising about 0,8% w/v to about 2% wAr colchicine. 
5 hi a furdicr aspect, the presort invention relates to a method of incc^aasing ploi ly 

in cells cf a deciduous woody perennial plant, the method cos^prising: 

contacting at least one bud of said plant, whereiD said bud comprises actively 
dividing cells, witih a coixq>osition comprising about 0.8% w/v colchicme to about l2Vc 
wArcolobiciae^ 

10 at least partially ^eloping said bud with a material capable of inhibitibnig saseo ks 

exchange^ whcrdn said contacHng is subatanfially contiauous over a period of ftom abo it 
5 days to about 1$ days. 

The agent cqsable of inhibiting spindle fbrmation In the plant tissue may be at y 
suitable ag^, £or example colchicine, oryi^Un (Snrflan™), trifluralin, amipropho i- 

15 methyl, and N2C) gas. It is also envisaged that a combination of agents may be used. 

Contact of the plant tissue with Iho agent, for example colchicine, may te 
commenced substantially coincidenial with, or soon aAer the plaat tissue has broken 
donnancy. For cxani^le, where fiie plant tissue is one or more buds on a rootstock^ tli e 
rootstock may be exposed to conditions sufficient to break dormancy prior to contact wit li 

20 tibye composition. Conditicms sufiScieot to break doimanpy will depend on the particuls r 
plant and may be detmnined by methods known to those of skill ia the act Forexaxnph^ 
a plant having a particular tihill requirCTieDt may be maintained al an appropriats 
temperature &i a time sufficient to satisfy the chill requirement and then exposing th $ 
plant to an appropriate (wanner) temperatwe for a tfane sufficient to prime bud breaS. 

25 Similarly, it is envisaged that the method is also applicable to increasing the ploidy of 
cells in grafted plant tissue. In this situation the grafted tissue or scion may have dififmn t 
lequirementB £br breaking donnancy compared with the rootstoclc, for example tho 
rootstock may have a tower chill requirement than does the scl^ 

hi order to reduce the amount of time required to break dormancy of the plants buc 

30 breaking agents, such as hydrogen oy^namide may be employed. 

Contacting the plant tissue widi colchicme. or any other suitable agent capable o] ^ 
inhibiting Spindle formation, may be effected by any suitable means, such as hy 
immersing or submecsing the plant tissue into the con4X>sition, for example by dipping 
the plant tissue into the composition, or by dripping or dropping the composition onto the 

35 plant tissue, for example by use of a pipette^ dropper or syringe, or by spraying the 
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compoEition onto Ac plant tissue^ or 1^ paintiiig tfie plant tissue witti flic conTpositi >n, 
sudia6byan^ptopriatelyri2edpaisa>nifili,clo& The conqposition a ay 

also bo administQrod to tfie plant tissue by iiiieetiQn, for example by use of a hypoderm o- 
iype syringo. 

5 The composition may be administared to the plant tissue before or after flie ph nt 

tissue has been at least partially enveloped in an absorbent material. For example, t xe 
plant tissue may be at least partially enveloped in an absorbent material and thm fie 
composition administeied by any of flie above-described means such that the absoibc nt 
material becomes at least partially saturated with the composition. This may be d^crib »d 
10 as indirect administration of flie composition to the plant tissue. Administration of t lb 
composition to llie plant tissue may be mdireet or diieet admini^biation. 

The composition may be in any 8mtd>lefbnn. For eKample» flie compositioa nu y 
be in die fi>im of a solution, paste^ or salve. 

After admitiistralion of the composition to the plant tissue the plant tissue wbi< h 

15 may or may not be at least partially enveloped in an absorbent material, may be at lea ^ 
partially enveloped wi^ a material capable of inhibiting gaseous exchange. For exampl ^ 
the material capable of inhibiting gaseous exchange may be a plastic film, for wcample i o 
the fom of a bag. Thus, &r example, the plant tissue may be at least partially envelope 1 
in an libsozbent materiali to which flie composition comprising the agent capable cf 

20 inhibitiag qrindle fbrmaSion is adnumsteced in an amount suflBdont to at least paitlally c r 
completely saturate the absoxboic material^ befote the absorboit material is at lea^t 
partially enveloped in aplastic film or bag. 

The agent enable of inhibiting spindle formation may be administerad 
combination with at least one additional agent enable of enhancing penetration of fh( 

25 spindle formation inhibiting agent into the plant tissue. These additional agents ma^ 
collectively or individually be referred to, for the purposes of the pxesent invention as \ 
carriei?($)- Suitable canieis Include, for example, surfactants, wcttuig agents, ant 
dimethylsulfoxide. A combuiation of different types of carrier(s) may also be u$ed. 

The camer(s) may be administered simultaneously with the agent capable oi' 

30 inhibiting spfaidle formation, such as by coniactuig the plant tissue with a conqsosition 
convrising an agent capable of inhibiting spindle fbimation and one or more caxriei^ oi 
by sequential administration of die carrierCa) and the agent capable of inhibiting sphidle 
formation- When admmisteicd sequentially, tiie cairier(s) and the agent capable of 
inhibiting spindle fomiation may be administered to the plant tissue In any order, for 

35 example administration of the canier(s) to the plant tissue prior to administration of the 
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agent capable of inhibiting spindle fonnation by administratioii of the agent capablJ of 
inhibiting spindle fonnatioa lo the plant tissue prior to adnunistzafion of the canier 
When administered sequentiaUy, the caxTiet(s) and the agent enable of inhibitins ^ii^e 
fbtmation axe administered over a ime period which piovides for overi^ping effect 

Substantially continuous contact of tti© plant tissue with the agent may be 
achieved by a single adniinistration of tbe composition or by multiple administtations of 
itic composition to the plant tissue. In tiiis manner the concentratton of the ^ent capal »Ie 
of inhibiting spindle fbxmation may be maintained at an optimum. For cxamplci £x sh 
^plications of the oonqiosition may be administered one, two, three, fbur or mote tin e$ 
pa: day fisr the period of contact of the plant tissue with the ^gent 

Where the plant lissae subject to the method of the invention is maintained unicr 
oondifiens of a natorany^^couniiig diumal ^le^ whidi conditions may be natund or 
artificially induced, at least one of the admhustrations of the composUion may »e 
administered at a time in Oxe diumal cycle when cell division is relatively hl^. F yr 
example, at least one administration of the composition may occur early in the momin^. 
Wheie multiple administrations occur over two or more dayq, at least one of eai h 
administration on each day may occur early in the mo ming. 

Plant tissue may be assessed for increase in ploidy by any suitable method know n 
to those skilled in the ait. For exanq>le, increase in ploidy may result in increased ce 11 
$120 ttiat brings about thicker, broader leaves and larger flowers and fiuit, shoots of plan s 
having ineceased ploidy may be fliicker and may have shortened intemodes and wider 
crotch angles* As flalher exan^iles, polyploidy may be evidenced by larger pollen siz< 
or by greater number of chloroplasts per gnaid cell, or by laiger guard cells and stomatei . 
Depending on the type of tissue being analysed for increase in ploidy, methods includin { 
root tip squashes, pollen mother cell squashes, pollen grain size and goiminal pore counts . 
stomata site and density determination, and gross moiphology may also be nse^. 
Appropziate methods for chromosome staim'ng and counting are also known in the art. 
Advanced techniques mOi as measurement of die nuclear DNA content of the plant cells . 
such as by flow cytomctty, or mxcrospectKophotometiy may be used for ploidy 
determination. 

TTie method of the invention is soitable fhr mcreastng the ploidy of num^ui 
plant qpeeies. For exanqile, the method may be c^pliad to any woody perennial plant 
The woody perennial plant may be dedduous or evergreen, Bxamples of deciduous 
woody perennial plants to which the method may be ^lied are plants of the genu£ 
Pmnus. 
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The sbiUor to improve the generation of plant tissue having increased ploldy 
levels, that is. the ability to improve the gencFation of polyploid plant tissue and thcrcf )fc 
plants ma,y permit Uie ^killed person to mora reliably addtess iasnes associated wilb pi mt 
breeding and the generation of new plant species and varieties having desixalde 
5 characteristics. Por example, differences in ploldy levels in prospective parental pla its 
constitutes a difficulty in g^ierating progeny, which may be substantially oveiMme \>y 
manipulating the ploidy levels of the ptospeotive parental plants prior to hybridlsatic n, 
Altematively, the method may be used to restore fertility in a plant variety or culti^ ar 
havii« desired traits. For example^ the plant variety having desired traits may be tie 

10 pnMtuct of hybridisation between plants of a difibrent species or genera and. due to t le 
&Uuze of flie chromosimies to pah: coiiectly in meiosis, will oftea be aterile. Restoiad^ ai 
of fertility in audi a variety may be accomplished by doubling nie dbxtKmosome numb(r. 
As a fiirther example, it may be desirable to create sterile cultivars of a species^ such as si 
the situation where it is desirable to limit the ability of an important agricultunl, 

15 commercial or nursery species or variety to r^zoduce and Gpread* For example, doublii g 
flie chromosome number of a plant may result in sterility duo to multiple homologous 
chromosomes and resultant complications in meiosis. Alternatively, or in addition, steri e 
triplcid plants may be ereated by hybridisation of a tetcaploid with a diploid. In 
commerciai ipplicadona where the plant variety or spedes is a fiuituig plant, thi s 

20 highlights a fivther use to which the method of Oie invention may be vpUed» that bein| 
the generation of seedless (or substantially seedless) ttmL The method tuay also find us s 
in the development of plant varieties havmg eiflianced pest resistance and stress toleianci . 
For example^ increasing the chromosome number and related gene dose has been know i 
to enhance the expression and concentration of secondary metabolites and defenc e 

25 chemicals of the plam. 

In the method of the invention the plant tissue to which the agent capable o F 
inhibiting spindle formation is applied, which may be the original growing point of th< \ 
plant, may be killed during contact with the agent HowevcTp ipioal side buds may hi 
produced adjacent to Uie killed mam bud The apical side buds maybe mutated, subh as 

30 by increased ploidy compared to the original plant tissue. 

The skilled addressee will be aware that thm are a number of possibilities for use 
of the treated plant tissue. For example, the directly treated dsaue or apieal side buds TOa> 
be permitted to develop to a stage where tiiey can be assessed for increase in ploidy. The 
buds may be permitted to continue to develop tn situ or one or more buds may be e^ccised 

35 and engrafted to one or more alternative rootstodc(s}. The buds, either in situ as treated 
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or engrafted, may be pmnitted to ^elop to maturity, for exaiqple to flowering or 
ftuiting stage. Ibe method of the invetxtion thus provides a mefliod for the generation of 
new plant varieties and cultivais. 

As described above, the method of the invention may also be used in ^e 
5 production of a fiubstantially seedless plant variety. For example, this is advantageous in 
the prodUiCtton of commercially important fruit crops, such as stODC fiuit. For examp e, 
plant tissue of a diploid par^tai plant having one or more desirable characteristics m ly 
be subjected to the me&od of the hwention and resultant tetraploid plant tissue selectc d. 
The tetcaploid plant tissue is aUowed to develop to xnatmity, eitfaer in situ or after excisii m 

10 and mgfBmag, and may then be hybridised or badtorossed with the oxigmal diplod 
parent plant The triploid progeny will be substantially seedless. The original parent al 
plant may be eitfaer polyemhtyonic or monoembryonic. 

Firstly, ttie plants are budded (on a selected root stock), then they are held in a 
dormant state and ttie q^qpxopriate chill requirCTient is given in a cool room (if requirec ). 

IS The plants are then r^noved to a waxm envircninent to prime flie bud (which is still 
doxmant). This is continued up to the point at which domianoy is '*broken*^ cell divisic n 
is commenced. The bud is then wrapped in absoibent substance, the absorbent material s 
injected with a 1% aqueous sohition of the colchicine drug. Note that this is lOx bight r 
concentration than nmxnal treatments. A plastic sutcound is used to enclose the bud, 1 o 

20 kcqpitmoistbutaqposedtodiednifi. TMstccatmeot is repeated twice daily fbr five da>s 
minimum. The origmal growing point is generaUy IdUQled in the prM 
side buds are produced adjacent to this killed nudn bud, which are usually mutated. 

In anext step, as is noanally undertaken, to determine whether a ploidy increase 
has resulted, the stomata on leaves are counted per unit area and compared to the paren . 

25 Unexpectedly, it is observed that between 10 * 20% of the apical buds have their ploid f 
level increased as a result of this process (compared with oidy approx 1% in normal 
techniques). Thus, for example^ m citrus, plam leaves become shorter, ttucker, wider m I 
oil glands become more prominent^ as has been desoibed in the literature. 

A chromosome count can be made on the tissue to establish the degree of ploidy, 

30 The doubled (or trebled, etc.) numbers of cbiomosome pairs in desired plant species can 
then be used fi>r efiBactive hybridisxiig. Interspedfic-crosses or lntergeneric*erDsses are 
then made moce efficiently possible as a result of this method invention. 

Examples 

Example 1 

35 The hicoiporatlon of the male sterility gene into a breedine line of a wood> 
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perennial spedes may be adiieved by the fiiUowing steps: 

- Identification and collection of a broad range of gennplasm of potential intoi si, 
i.e. with one or more desirable agrononiie chaxBoteristics. This gennplasm < an 
include both that which is in the public domain as well as wild species. 

5 - For phenotypic chwacteristics, Oie identification and of desirable characteristlos 
can be done by visual observation of sh^>6, pubescence, suture, ripeniig 
sequence, oxidation, pit adhesion, colour of the shin, flesh and pit cavity, etc. 

- For non-phaotypic chaiacteristios. i.e. the levels of total soluble solids, fimme is, 
die identification and of desirable diaractedstics can be done by use of stands td 

10 q^patatusessuchasaiefisie^ometerandpenetromete 

- From within this genome identifir varieties that has tfie male sterilily aspart of its 
£^nome. It ie xxiost easily found by obsoning those plants that do not produ ?e 
viable pollen, these flowers have anthm that ate white in colour. 

• Establish a field trial by planting out a given number of plants fiom within tl le 
IS collection and allow them to sdf pollinate to determine whether and fbt which 

desirable charactmstic(s) a plant or several plants are homozygous fi)r tte 
characteri$tic(s) under study. This is established by knowing the dominance 
tdationsfaqy of each d^dxable trait 

- Utilising tjie process of ^'artificial masculation*' and nomial oross breeding 
20 tediniques as described above» mcorporate the male sterility gene into one or max » 

varieties flmt carry the best eombinaiion of destrable cihaiacteristics* 

• Allow the varieties with the male sterility gene to aelf pollinate and undratak s 
progeny testing to identify those that are homozygous for the male stoility gew . 
and which have the best combination of other desirable characteristics. 

25 - Once several of moh varieties have been created^ a bxeedir^ig line is established 
that can progressively be refined using the following critical steps in the process, 
A scdiemarie/ flow chart in r^ect of a simple method according to the invention 

is provided m Figure 3. 

Example 2 

30 The breeding lines obtained according to ttie method of eixample 1 can be employed t< 
generate new woody perennial varieties by the following steps: 

- Identify a trial btodc of land that is physically isolated fiom other trees with whicl 
the species under consideration could otherwise cross pollinate. This distance 
should be sufficiently large to atop bees and any other natural vectors fiom 

35 travelling between the plots. 
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Choose the best liomozyBOus line$ for piurticulaily dedced commerdal traits u|i a 
fhiit under conrideratioiiy and which do NOT cany die male sterility gene, 
lateiplant these firoit plants in a block where each plant is alternated with a plint 
breedmg line incotporatmg a male sterility gene (and the othex* desii&d 
characteristics comparable to those available in the above mentioned homo^ygdpia 
lines) (see Table 2). 

Table 2 - planting pattern (Note: MS ^ Male Sterile Plants; ^ A" etc - other 

homozygous breeding line) 



Mo 




JVLo 




MS 




MS 




MS 




MS 




MS 




MS 



IS 



Ut)U$e natural vectors ie bees and other common pollinators, to catty pollen &ol 
(he non-male sterile trees onto the male sterile trees. (However^ pollination ma]| 
be conducted by hand if so desitad). 

It is not necessary to use a mixture of plants (^e. *^A'\ ... ^*') among the plant^ 
diat catty the male stmlity gene (Le. "MS*^. Mono-cultures (ie. all "A" or i 
*Ty\ etc) can also be used to increase the specificity of the crosses. 
Once this process has been completed, the progenies are harvested (fiom the mal^ 
steiile plants only) and the kernels extracted for evaluation. 
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- The kernels thus harvested and pro-genninaled in rcfiigmted condhlons un^ 
moist stratification so a9 to tfiorten the juvenile period to allow for earl er 
evahiation- whidiis as short as only 2 years maximum. 

*• He set of controlled cross-bred progenies so obtained is Chea planted out under 
5 high density in the ficdd and evaluated for oertain desired commercfal 

characteristics as nominated below. 

- For the process described above to occur efficiently^ the plants should floWer 
simultaneously. Tliis is not always Ihc case. In these circumstances, one of t^o 
somevrtiat more manual process can be used: 

10 ■ poUenfiom a fiom previous searons is stored by fiMzing, and 9^ 

onto the male sterile trees, or 
■ flowenng wood of one or mme of ttie selections may be harmted and pU 
through its chill requirement in a cool room arul thm taken out and fi»c< 
under higher temperatures U> flower. Then: 
IS " pollen may be collected and applied manually as described above» o : 

■ the flowering wood is hung among the trees that cany the majo 
sterility gene, and allow natural vectors to "do their thing" 
Those plants with the desned attributes are evaluated for commercial potentialit;]^, 
using the visual and otttat methodologies outlined above. 
20 Some examples of the use of fliis method in accurate^ (nonmaimalX hybtidi8atio|] 

include (he fbllowtng: 

1 . Incoxpoiation of low chill dharacteristics to provide early fiidting 

2. Long fruit development period characteristics (or short fruit developmmt) 

3. Sub-acidness (which is a single gene for the deletion of acid in peach an 
25 nectarine 

4. Control of fiuit shapes Suit texture, total soluble solids (sugars). 

5. Control of skin pubescence (and iCTgth of hair) and skin colour. 

6. Pignientadon. atone adhesion to fiuit fiesh. 

Example 3 

30 Tliis example demonstrates plantings in a polycross trial performed at Nambucca 

Australia in 19S9. The trial plot was designed to exploit male sterility and low chil 
rcquircmat previously incorporated into die iPeach $2-12 and the nectarine 82-25N, thes< 
were used as tonale parents and allowed to cross wldi the sunounding varieties accordini 
to the orchard layout provided in Table 3 below. 
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Table 3 - Plantlne pattetn: polycross trial performed at N&mbucca, Austratta, 19S > 



ROW1 


VARIETY 


ROOTSTOCK 


PLANTED 


coMMErn 


rs 


1 


FLA 4-3 


Coastal Peach 


Sep-92 






2 


FLA 8-1 


Coastal Peach 


Oct-89 






3 


FLA84-16N 


Coastal Peach 


Sep-92 






4 


FLA 8-6 


Coastal Peach 


Oct-89 






5 


FLA 82-17 


Coastal Peach 


Aug-93 






6 


FLA 8-1 3N 


Coastal Peach 


Oet-ed 






7 


FLA82'2SN 


Coastal Pttach 


Oct-89 


Male Sterile Nectai 


ne 


a 


FLA 9*11 


Coastal Peach 


Ocl<69 






9 


SHANGHAI SEEDLING 


Own Roots 


Oel-89 






10 


FLA 82-3 


Coastal Paach 


Oct«9 






11 


FLA82^N 


Coastal Peach 


Oct-89 


Male Stsrila Nectav 


ne 


12 


FLA 82^ 


Coastal Peach 


Octp89 






13 


FLA 82-12 


Coastal Peach 


Oct-89 


Mala Sterile Pec 


oh 


14 


Ma-e 


Coastal Peach 


SaD-92 


• 




16 


M3-S 


Coastal Peach 


Sep-92 






16 


FLA 82-24 


Coastal Peach 


Oct-89 






ir 


FLA82.25N 


Coastal Peach 


Oet-89 


Male Steifle Nectari 


ie 


18 


FLORDABELL 


Coastal Peach 


Oct-89 






19 


FLA 82-12 


Coastal Peach 


Oct-89 


Male Sterile Pea 


;h 


20 


M2-4N 


Coastal Peach 


SeD-d2 






21 


ROOTSTOCK 


Own Roots 


OeM9 






22 


SUNFIRE 


Coastal Peach 


Oat-69 






23 


FLA 82-25 N 


Coastal Peach 


Oct-89 


Male Sterile Nedari 


lie 


24 


FLA 82-24 W 


Coastal Peach 


Oct«9 






25 


FLA 82-12 


Coastal Peach 


Oct89 


Male Sterile Paa 


ch 


26 


FLA 82<dW 


Coastal Peach 








27 


ROOTSTOCK 


Own Roots 


Oct-89 






28 


FLA 9-14 


coastal Peach 


Oct-89 


















Row 2 












1 


0-20 C 


Coadtal Peach 
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TaMe3| 
ROW 2 


'continued} 

VARIETY 


ROOTSTOCK 


PLANTED 


COMMe 


TS 


2 


Shanghd seedllna 


Own Roots 








3 


8hfng.hais^nfi|3 


Own Roots 








4 


FLA 82.12 


Coastal Peach 


oot-se 


Male Sterile Pei 


>ch 




FLA86'28C 


Coastal Peach 


8ep-92 






6 


FLA66-28C 


Coastal Peach 


Sei>-92 






7 


FLA86-28C 


Coastal Peach 


8ep-92 






8 


Coastal Peach 


Coastal Peach 


Oct-89 






9 


FLA 62-12 


Coastal Peach 




Mate Sterile Pet 


ch 


10 


FLA84-12C 


Coastal Psach 


Oet-92 






11 


FLA82-28N 


Coastal Peach 


Oet-89 


Male Sterile Nectar 


ne 


12 


FLA86-28C 


Coastal Peach 


Sep-92 






13 


M3-8 


Coastal Peach 


SeD-92 






14 


M3-7 


Coastal Peach 


Seo-92 






16 


M3-6 


CoiffitalPeaoh 


8ei>«2 






16 


Sunbob 


Coastal Peach 








17 


FLA82-25N 


Coastal Peach 


OcM9 


Male Steffle Nectari 


ie 


18 


M3^ 




Fbk>-82 






19 


M3-7 




Feb^ 






20 


M3^ 




Feb-92 






21 


FLA 82-12 


Coastal Peadi 


Oct-89 


Male StanTe Pea 


41 


22 


FLA 84-22 


Coastal Peach 


S6D-92 






23 


FLA82-2eN 


Coastal Pea(^ 


0<^-89 


Male Sterile Nectari 


le 


24 












25 












26 


FLA 4*3 




Sep-92 






27 


V.V91.1 


Own Roots 


Oct-89 







The low diill and male sterili^ genes were incorp<wated into An Fi progeny 
vAdch has he&a used continuously to generate new peadi and nectarine cultivara and u 
g^ierate new trait-tan^ted MS bieedhig lines. PoUen polyndxes obtained fiom a langci 
of selected commercial varieties have been continuously used far ciossing to the tc 
broaden the gene base. For example, in 1999 ib«e wane six lots of poUm polymixes usee 
in crosses. 
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Example 4 






Male steiil9 nectarine FLA 82-2SNx polymix open poUination gave tJWS P 94- 


>. 


• 


UWS P 94-5 was fhen crossed with $upec5weet tmnamed white fleshed needling 


IS 




pollen parent using UWS P 94-5 as poUm patent Thia czoa$ generated many seedliiqssr 




s 


being evaluated and gave me to a polyoiix. 






Nectarines! UWS 98-12 NWFH homozygous Nectarine 






White flesh 






No red around pit 






Roxmd tibispc 




10 


MghBlush 






UWS98-4NYH h<mosqFgou8 Nectarine 






Yellow Flesh 






Round Shq>e 






UWS 98-4 NW honun^us Nectarine 




IS 


White Flesh 






Round Shape 






these are now all homo^gous breeding lines and have been proven by $elfing 






each selecdon or seedUng &om ^h parent, and by knowing the dominance relationship 




20 


of each <^aracterifitic. 






Example S 






A simple version of a method of the invention for generating a male staile 






peach or nectarine breeding line incoiporating at least low chill xequirenient aa a target 






trait derived from a non-domesticated speciefi related to peach or nectarine may be aa 




25 


follows: 






a) select a male sterile peach or nectarine variety which may also be of 






known genotype for one or more desired commercially important traits such as fiiiit flesh 


• 




or skin colour, melting or non-^ting flesh, fieestone or cfiogstone. tree habi^ spur hahii 






suture presence/absence, or a combination thereof 




30 


b) select a plant suf&oioiily related to peaches or nectarines so as to be able 






to hybridise with the plant of step (a), which has low or no chining requirement, and 






which optionally expresses or comprises an allele for at least one other target trait, such a 


i 




disease/^pest resistance. The ability of this plant to hybridise with the plant selected in 






step (a) is most effectively determined by cladistic analysis using analysis of extracted 




35 


genetic material, for exan^le as described below; 
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c) <»cossingtbeplamofst6p(a)\i(iththepldntof 

stozed pottens ilo weting times of fhe plants selected in steps (a) snd (b) vnl) not I 
necesmily coincide); 

d) selecting pxogeny resulting fiom ttie cross of step (c) whidi have at least 
5 one allele associated with male sterility; which exhibit low chiU requirement, optionaUM 

in combination witfi at least one allclo fbr at least one other tai^ct trait, and which | 
pieftrBbly are oflmowngenot)^&r one or nK>r6 desired inhei^ This I 

selection may be made by observstion of the pheno^pes of the progeny ttusmseWe^ 
piogeny ttereof resulting fiom self-fertilisation or crossing wifli anofter plant ofknownl 

10 gcnoQve» by genedo marker analysia, or by other suitable method. I 
If the Fi progft^y do not possess su£Sciently desirable commercial traits, one or 
more sequential back-crosses with a commeicial variety which is of known genotype with 
respect to a set of desired inheritable traits, testmg the progeny at all stages for inclusion 
of at least one allele fbr male sterility and at least one allele fi>r low ohUl axkd, optionSlly 

IS other tat^ettc«jit(s),\nitil&e resulting program 

conanean^ally important trai^ along wldi at least one allele Sot male sterility and at loasfl 
one aUele fbr low chill and»optiondly one or more other target traits Selected plants | 
fiom the resaltmg piogeny mqf tbm be allowed to sdf fertilise, or be ctossed with a 
mixture of pollen fiom the selected progeny; | 

20 e) selecting progeny plants which are homozygous £>r male sterility, which 

express low chill requiremoits, and optionally one or mote other target traits and which 
are homozygous fi>r a desired set of inheritable conmiercially Important traits. | 

The present invention may be used to provide, for example^ the Ibllowmg 
25 advantages: 

1. Creation of low chill, siqp^sweet peach and nectarine varieties. Canust 
combination of peaches and nectartnes in the one block but incorporation of a male sterile 
gene into the peadi/nec^anne in the growing block; 

2. Using a low chill super-sweet nectarine to crate a suite of cultivars tha: 
30 incorporate varying ihiit developmtot period^ therefore giving market availabiUty ovei 

an extended period of time. 

3. Incorporation of a designed low or high chill character to enable optima 
growth/fruiting for particular climatic conditions^ and/or allow for climate changes^ e.g 
global wanning. 
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4. Balance of vegetative grcfwth relative to £tuit obanacter (e.g .use of aijur 
geaes fintMtt plums into peaches). 

S« Incxea«ed acU^tabilxty and grower fiieadliness using natural tcohmqucs. 

6, Creation of improved root stocks - e.g. peach x phim CTleach'*) ^jsh 
S diould be more adaptable for wet conditions - an issue for root stocks that get root rot ( 
to periodic waterlogging (site aped&c). 
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The claiw deliniiig ibe la venlion ve as follows: 

L A mettiod for generating a woody poronmalbr&e^^ 
a) selecting one or more woody perennial plants conqkrising at least one allele 
associated with male sterility; I 
5 b) !wlecting one or more woody perennial pleats vdiich are capable of 

bybridiBation wiiii flie plant(8) selected in step (a) and whidt comprise at least one aUele 
assodated wifli at least one target inherit^le trai^ 

c) croswig die one or more plants selected in step (a) wiA the one Of 1 

plants selected in step (b); 
10 d) selecting progeny plants which have one or more desired traits and whicn 

coQsptise at least one allele associated with male stedlity and at least one allele associatod 

-with the at least one target trait; 

e) selecting progeny plants which are homozygous for male sterility, which 

comprise at least one allele associated wifli flie at least one target trait and which have one 
IS or more desired traits. 

2. ThemeCbodofdaimlt wherein step (d)fiatheroompvisesdlo^^ 

least one of the sdeeted Fi prog^y plants which is heterozygous for male sterility to self- 
fertilise to create an Fa progeny for further selection. 

3. The method of olaim 1 , wherein the flowers of one or more of the Fi 

20 progeny are ftrdlised with a iruxture of pollen obtained fiom a pluraHty of the selected Fj 
progeny. 

4. The method of claim U wherein step (d) further comprises crossing at least 
one of the selected Fi progeny plants with one or more woody per^mial pliants of known 
gmotype with respect to a desired set of inh^table traits and which comprises at least | 

2S one allele associated with male sterility to create an F2 progeny for fiuiher selection. 

5. The mediod of any one of claims 1 to 4, wherein fiie one or mors woody | 
perermial plants selected in step (a) are male sterile, 

6. The method of claim 5, wherdn the one or more woody perennial plants of 
st^ (a) are grown in an isolated block, with the one or more woody perennial plants of I 

30 step (b). 

7. The method of any one of claims 1 to 6, wherein a plurality of woody 
pereimial plants are selected in step (a), and the flowers of tfie one or more woody 
perennial plants sheeted in step (b) are fertilised with a mixture of pollen collected jBmn 
the woody perennial plants of step (a). 
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8. The method of any one of clanns 1 to wh<9teiii a plurality of woody 
perennial plants are sdeeted in step (bX and the flowers of the one or moxe woody 
perennial plants selected in stqp (a) are fertilised wilb a mixtura of pollen collected fion i 
the woody perennial plants of step (b). 
5 9. Hie method of any one of claims 6 to 8, wherem the plurality of woody 

per ennial plants selected in $tep (a), step (b) or both comprise more than one vaziety of 
woody perennial plant 

10. Hie mediod of any one of daimfi 1 to 9» wherein one woody perennial 
plant is sdeeted in stc^ (a)» ste^ (b) or botiiL 
10 1 1. The method of aiqr ono of claims 1 tolO, wherein the one or mOie wood} 

perennial plants selected in step (a) are of Icnown genotype &r a set of desired inheritab' e 
tiaits. 

12. The method of any one of claims 1 to 1 1, wherehi the one or more wood] ' 
perennial plants selected in step (a) express a set of desired inheritable traits. 
15 13. The method of any one of claims 1 to 1 1, wherein the one or more wood) ' 

perennial plante selected in $tep (a) are homo^ous for one or more desired inheritable 
traits. 

14. The method of any one of clahns 1 tp 11, wherein the one or more woody 
perennial plants selected in step (a) arehomoa^ygovs for each trait witbm a set of desired 

20 inheritable traits. 

15. The method of any one of dahns 1 to 14^ herein flie one or more woody 
perennial plants of step (b) are of known genotype for a set of desired inheritable tiaits in 
addition to the target trait. 

16. The method of any one of claims 1 to 15, wherein the one or more woody 
25 perennid plants of step (b) express a set of desired irdieritable trdts. 

17. The method of any on© of claims 1 to 16, wherein the one or more woody 
perennial plants of step (b) are homozygous for one or nuve desired inh^table tiaits. 

18. The method of any one of claims 1 to 17, wheirein the one or moxe woody 
perennid plants of step (b) are homoa^us fiv eadi tndt within a set of desired 

30 inheritable tiaits. 

19. The me^d of any one of claims 1 to 18. whcicm one or more of Kie 
plants of step (b) are heterozygous for male sterility. 

20. The method of any ono of claims I to 19. wherein all of the woody 
perennial plants are of tbe same i^ecies. 
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21. The nifilfaod of aay one of claims 1 to 19, wherein the one ormoie wooct ^ 
perennial plants of step (a) are of a diffomt species to the one or more woody pcfcnnia 
plants of step (b). 

22. The method of any one of claims 1 to 19, wherein the one ormoze wood; r 
5 pcrtmiial plants of Stqi (a) axe of a difjfewnt gemis to the one or more woody pmnnial 

plants of step (b)» 

23. The method of claim 21 ot claim 22, wherein the ability of the woody 
perennial plants of steps (a) and (b) to hybridise is determined by oladistio analysis. 

24. The method of claim 23, wherein the cladistic analysis compnses DNA 
10 extraodoa, clccfroplioiesis and DNA banding analysis. 

25. The method of any one of claims 1 to 24^ wheran the one or more plants 
of st^ <b) are derived fiom a plant comprising fewer chromosomes than ttie plant of stq } 
(a) by increasing its ploidy. 

26. The method of claim 25, wherein a pluialify of plants are seleoted in step 

1 5 (a), step (b), or botli» and a mixture of pollens from these plants are enq»Ioyed in the oroa i 
of step (c). 

27. The method of any one of claims 1 to 26, wher^ step (d) fttrther 
comprises one or more sequential back^^msses of one or more selected prog^ plants 
with one or more woody pereonial plants of known genotype with respect to a desired s© 

20 of inhoditable traits, and selecting resulting proget^ plants wtdch comprise at least one 
allele coding ftr male sterility and at least one slide associated with the at least one targ< t 
trait and which are oflmown genotype for the desired set of h3hmtd)ld traits. 

28. The method of claim 4 or claim 27, wherein the one or moie parraital 
woody perennial plants used for backcrossing to the progeny of stq> (d) express a set of 

25 desired inheritable traits. 

29. The method of any ono of claims 4, 27 or 28, wherein the one or more 
paraital woody perennial plants used for backcrossing to the progeny of stqp (d) are 
homozygous for one or more desired inheritable traits. 

30. The metibod of any one of claims 4, or 27 to 29, wherein the one or more 
30 parental woody perennial plants used for bacloerossing to the progeny of step are 

h(»no^goua fbr each trait withm a set of desired inheritable traits. 

3 1 . The method of any one of clahns 4, or 27 to 30, wherein the one or more 
parental woody perennial plants used for backcrossing to the progeny of step (d) are 
heterozygous for male sterility. 
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32. The method of any one of claims 4, 27 to 31, wheidn the one or more 
paiental woody perennial plants used for baotaaos^ to &o pme^ of step (jS) are of 
the same species as the one or more woody perennial plants of step (a). 

33 . The method of any one of claims 4, or 27 to 32, therein tiie one or more 
5 parental woody perennial plants are of tbe same species as the one or moie woody 

perennial plants of step (b). 

34. The method of any one of claims 4p or 27 to 31, wherein the one or more 
parental woody perannial plants used for backcxossing to the progeny of step (d) we the 
sam^ or are of the same variety as the woody peiennial plant of step (a). 

10 35. The method of any one of clahns 4, or 27 to 3l» wherein the one or more 

parental woody perennial plants used for backcaossing to the progeny of step (d) aze the 
aam^ or are of tha same variety as the one or more woody perennial plants of st^ (b). 

36. The method of any one of claims 1 to 35, whei^n tbe at least one target 
trait ia sdiccted from the groi^p comprising: low chill reqniremenr, high chill requiremen :; 

15 disease/pest resistance; fimit development period; fruit aciditj^ fruit shape; fruit size; 
fruit flesh texture; fruit total soKds (sugars); ihiitpigmentation; fruit flesh pigmentation 
fruit skin pubescence; stone adhesion to the fruit; tree habit; tree size; tree growth rate; 
spur morphology/ habit; pedicel length; pedicel thidcness; suture presence/absence. 

37. The method of claim 36, wherein at least one target trait comprises low 
20 chill requirement 

38. The method of claim 36, wherein tiie plant of step (b) expresses both low 
chill requirement and disease/pest resistance as target traits. 

39. The method of claim 38, wherein the disease/pest is selected ficmi one or 
more of the fbUowing: bacterial leaf spot; Shaka CPl^oi pOX vims); bacterial canker; root 

25 rot} brown xot; peach canker; bacterial canker, bacterial blossom blight; nematode 
resistance. 

40. The mediod of any one of claims 1 to 39, wherein the desired inheritable 
traits are selected from one or more of the group comprising: low chill requirement; high 
chill rcquuement; diseaso^est resistance; fruit deyclqpmentp^niod; fruit acidity; fruit 

30 shape; fruit siz^ fruit fresh texture; fruit total solids (sugars); fruit ingmentation; fruit 
flesh pigmentation; fruit skin pubescence; stone adhesion to the fruit; tree habit; tree 
size; tree growth rate; spur morphology/ habit; pedicel knogHi; pedicel tihickness; sutlue 
presence/absence. 

41 . The method of any one of claims 1 to 40, wherein all the plants are of <he 
35 gcnm Pruniis. 
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42. Tbe metbod of cl^ 41. whexein the woody perennial plant of st^ (a) ii \ 
selected flx>m Prumts persica, P. persica var nuc^fersica, P. persica var nectarinaf P- 
sattdna, P. avium, P. cerasus, P. domesttca, P. amygdalus, and P. armentaoL 

43* The method of claim 42. wherein the woody peremuBl plant of etep (a) h a 
S peacsh or a nectarine variety; 

44. The method of claim 4U wherein the one or more woody peiwnnial plant \ 
of stq> (a) are sufficiratly related to a peach or a nectarine so as to fae able to hybridise 
with a peach orneotaitee, hut aie of a diflferent <peeie$ to the one or more plants seleote I 
histqp(b). 

10 45. The method ofattyOTie of cloinis 41 to44,iKdi^re!infliDoneormgiewooc y 

pecennial plants of step (b) are selected fiom Primus persica, P, persica var nuc^^erstca 
P.persicavarnecittrina^P.sali^na^P.ctman^P. cerasus^ P. dome$t(ca,P, amysdatm, 
mAP, armeniacsL, 

46. The method ofany one of claims 41 to 44>wherem the one or mote woody 
1 5 pezennial plants of step (b) are selected fiom peach or nectarine varieties. 

47. The method of any one of claims 41 to 44, wherein the one or more wood y 
perennial plants of ste^ (b) are sufiSciently related to a peach or a nectarine so as to be 
able to hybridise wilh a peach or nectaime, but are of a different species to the one or 
xnoie i^lantB selected in step (a) . 

20 48, The m^odofany one of claims 41 to 47»whiaMin step (^flurther 

comprises one or more sequential badk-cxosses of one or more selected progeny plants 
with one or more parental woody perennial plants which are selected £com peadi, 
nectarine, plum cherry, almond or apricot varieties. 

49. The method of claim 48, wherein the one or njore parental woody 
25 p««onial plants are selected from peach or nectarine varieties. 

50. The method of any one of claims 41 to 47, whcrem step (d) flirther 
con^rises one or more sequential back-msses of one or more selected progeny plants 
wiOr one or more woody perramial plants which are related to peaches, nectarines, plums 
or apricots, but of a difSfeient species to the plant selected hi st^ (aX step (b) or bodi steps 

30 (a) and step (b). 

5 1 . The method of any one of clauns I to 50, wherein the woody peremiial 
plant of step (a) is a peach or a nectarine, and the one or more woody perennial plants of 
step (b) are related to peaches or nectarines, but are of a dUSferent species. 
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52. The method of claim s 1, wherein (d) fiixther compri8e$ one or more 
sequential back«ciDsses of one or more selected progeny plants with one or more parens al 
wood^jr perennial plants which are selected ftom peach or nectarine varieties. 

53. The method of claim 52, wherein the first and third woody perennial pla its 
5 aie the same^ or of the same variety. 

54. The method of any one of claims 41 to 53, wherein the one or more targi i 
traita conq>iise low diill requixem«t 

55. The method of claim 54, wherem the one or more woody perennial plant ; 
of stqi (b) also comprise di8easQ^>e8t resistance as an inheiitsble trait 

10 56- The mediod of any one of clafa»$ 41 to 45, or 48 or 55, wherein tibe one < r 

moie woody perennial plants of step (b) are sdected fiom plum or ^ricot vaiieti^. 

57, The method of daun 56, wherein step (d) further comprises one or more 
sequential back-orgsses of one or m<»e selected progeny plants with the pollen of a 
plurality of woody perennial plants which are selected ftom plwm or ^cot varieties. 
15 58. The method of any one of claims 1 to 57. wherdn the resulting woody 

perennial breeding line is male sterile, homozygous for fte desired set of inheritable trail s, 
andhomoa^oos fi>r at least one allele associated with atarg^ trait 

59. A malo sterile woody perauiial plant breeding line conqprising a target 
inheritable trait, generated by a meftod according to any one of claims 1 to 5 8. 
20 60. The male sterile woody perranial plant breeding line of claim 59, which i i 

a Prunus variety selected from peach, nectarine, plum, chenry, ^ricot or ahnond varietic s. 

61- The male sterile woody pcrenrual plant breedit^ line of claim 59, whereu 
the cross of step (c) is an intospecific cross, 

62. The male sterile Woody perennial plant bxeedic^ line of claim 61, which i ; 
25 a plumcot, or a pledch. 

63. The male sterile woody perennial plant breeding line of claim 61, which ii 
essentiaUy a Prums variety selected ftom peach, nectarine, phmi, cherry, apricot or 
ahnond varieties. 

64. The male sterile woody perennial plant breeding line of any one of claims 
30 61 to 63, wherein the desired inheritable traits are selected fiom one or more of the group 

comprising: low chill requiraoaent; high chill requirement; disease/pest resistance; iruit 
development period; fruit acidity; fruk shape; fruit size; fruit ae$h texture; fiuit total 
solids (sugars); fruit pigmentation; fruit flesh pigmentation; fruit skin pubescence; ston£ 
adhesion to the fruit; tree habit; tree size; tree growth rate; spur morphology/ habit; 
35 pedicel length; pedicel thickness; suhirepiwence/absencc. 
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$5, The msile sMile woody pcrewisd plant breeding line of claim 64, wherein 
ttie one or more tttget traits comprise low diill requirement, disease/pest reaetanee;, or 
both. 

66. The mMe sterile woody perennial plant breeding line of any one of daii] 
S 61 to 65» iKfiicih is male sterile, homozygous fiir the desired set of inheritable traits, and | 

homo^gous for at least one allele assodated with a target trait 

67. A method for generating a woody perennial variety comprising one or 
more target inheritable tzait8» comprising crossing a first selected woody perennial plant| 
variety wifli a desired aet of inheritable traits^ or a grot^ of plants sharing a set of desir 

1 0 inheritable tcaits« wifh a second selected woody peFeonial plant which is homozygous fe 

male sterility, and homc^gons fiftr one or more target traits, 

6B. The method of daun 67, wherein <be second plant is of Imown genotype 

wifii respect to the deatad set of inheritable traits of die first sdected woody perennial 

plant or group of plants sbaring a set of desired hiberitdble traits* 
1 5 69. The method of claim 67 or 6S» whertin the second plant eiqpresses the 

desired set of inheritable traits of the first $eleeted woody perranial plsnt or group of 

plants sharing a set of desired inheritable tniits. 

70. The method of claim 67 or 68, wherein the second plant is homozygous 1 
one or more of the destxed set of inheritable traits of the first selected woody perennial 

20 plant or group of plants sharing a set of desired inheritable traits. 

71. Tbe m^hod of olafan 67 or 68» \iiA^:da the second plant is homozygous fo\ 
eadi of the desired set of inheritable trpits of the first selected woody peremiial plant or 
groiQ> of plants sharing a set of desired inheritable traits. 

72. The method of any one of elaima 67 to 71 , wherein the second woody 
25 perennial plant is a male sterile woody perennial plant breeding line according to anyone] 

ofclaims 59 to 66. 

73. The method of any one ofclaims 67 to 72, wherein the first selected 
woody perennial plant variety with a desired set of Inheritable traits^ or grov^ of plants 
sharing a set of desired inheritable traits, are planted in an orchard, surrounding the 

30 second plant. 

74. The meOtod of any <me of claims 67 to 73, wherein the flow^s of Ihe 
second plant are artificially fertilised with pollen fiom the first selected woody perennial 
plant variety with a desired set of inheritable trails, or a mixture of pollen ficm Ihe group 
of plants sharix^ a set of desii^ uiheritable traits. 
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75. The method of any one of eladms 67 to 74, wlwrein aU of the phmts are o f 
the Pnams genus. 

76. The method of claim 75, wherein theplants aie selected fiom Prmus 
plants which ai^ or are essentially peach, nectarine^ plum, cheny, apricot or almond 
varieties. 

77. The method of daim 75, wherein first selected woody pereanial plant 
variety wMi a desiied set of inheritable traitB, or group of plants sharing a set of desired 

inherftabletrafts^ortiiesecondselectedwoodypeiennial plant, is selected fiem hybrids 
between two differoit Pnmus species. 

78. AwoodypeienmalplanivarieQrgeneiaiedbythemefliodofanyoneof 
claims 67 to 77. 

79. The woody perennial plant variety of claim 78, which is selected fiom 
Prunus plants which are, or are essentially peach, nectarine^ plum, cheny. ^ricot or 
almond varieties. 

80. The woody peremiial plant variety of claim 78, which is selected flora 
Prunus plants whidi are, or are essentiaUy peach or nectarine varieties. 

81. Thewoodyperennialplantvarietyof any oneof claims 78 to 80n*ich 
expresses one or more target tndts selected fiom Oe group comprising: low ehiU 
requirement: Wi^ohiUreqmremeiit; disease/jpest resistance; ^tdtfvetopment period; 
fifuit acidity, fruitshape; fiuitsize; fiuit flesh textnre; fiuit total solids (sugare); fiuit 
ddn pigmentation; fiuit flesh pigmentation; fiuit skin pubescence: stone adhesion to the 
fiuit; tree habit; tree size; tree growth rate; spur moiphology/ habit; pedicellcngdi; 
pedicel tfaicknew; suture ptesence/absence. 

82. The woody perennial plant variety of claim 81, which expresses at least 
low chin, disease^t xesistano<^ or both as tatget tiaits. 

83. The woody perennial plant variety of claim 81 or claim 82, which 
expresses heterosis fiv one or more taigat traits. 
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BREEDING PLAN XISTNG MAt.V. . STERIMTY OENE 

FROPUCnON OP LOW rmiX SUPBHSW EET peach and NECTAHTHfl : 



MAI£ STERILE 
NECTASINE 
(HOMOZYGOUS) 
YELLOW FLSSH 



LOW CHILL NECTARINl i 




Fl HETEROZYGOUS FOR MALE STERILITY 



SraLF-FBRTOUSB 




1 :4 MALE STERILE LINES 



CROSS WITH SUBACID PBACH 
OR NECTARINE, 50% 
HETEROZYGOUS FOR MALE 
STERILITY 



SELF-FERTILISE 

xmov ..A. . - , . 1:4 MALE STERILE UNBS 

NB Subacid/honey is a smgle doiniiuKit gene 

At any stage can use a polymix these to be eaiefiilly selected fer the defied traits, 
At each step can get good $electi«ifi depending on file lecunent parent 
(badceress) and weflier they are hwno^ygows &r desitable traits. 
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